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DATA  CLASSIFICATION 

Product  Preview 

This  heading  on  a  data  sheet  indicates  that  the  device  is  in  the  formative 
stages  or  in  design  (under  development).  The  disclaimer  at  the  bottom 
of  the  first  page  reads:  'This  document  contains  information  on  a  product 


under  development.  Motorola  reserves  the  right  to  change  or  discontinue 
this  product  without  notice." 

Advance  Information 

This  heading  on  a  data  sheet  indicates  that  the  device  is  in  sampling,  pre- 
production,  or  first  production  stages.  The  disclaimer  at  the  bottom  of 
the  first  page  reads:  "This  document  contains  information  on  a  new 
product.  Specifications  and  information  herein  are  subject  to  change  with- 
out notice." 


Fully  Released 


A  fully  released  data  sheet  contains  neither  a  classificaiton  heading  nor 
a  disclaimer  at  the  bottom  of  the  first  page.  This  document  contains 
information  on  a  product  in  full  production.  Guaranteed  limits  will  not  be 
changed  without  written  notice  to  your  local  Motorola  Semiconductor 
Sales  Office. 
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ALPHANUMERIC  INDEX 


Device  Number  Page 
MC54/MC74  Function  Number 


HCOO  Quad  2-lnput  NAND  Gate   5-2 

HC02  Quad  2-lnput  NOR  Gate   5-5 

HC03  Quad  2-lnput  NAND  Gate  with  Open-Drain  Outputs   5-8 

HC04  Hex  Inverter   5-12 

HCT04  Hex  Inverter  with  LSTTL-Compatible  Inputs   5-15 

HCU04  Hex  Unbuffered  Inverter   5-18 

HC05  Hex  Inverter  with  Open-Drain  Outputs   5-22 

HCT05  Hex  Inverter  with  Open-Drain  Outputs  and  LSTTL-Compatible  Inputs   5-25 

HC08  Quad  2-lnput  AND  Gate   5-28 

HC10  Triple  3-lnput  NAND  Gate   5-31 

HC11  Triple  3-lnput  AND  Gate   5-34 

HC14  Hex  Schmitt-Trigger  Inverter   5-37 

HC20  Dual  4-lnput  NAND  Gate   5-41 

HC27  Triple  3-lnput  NOR  Gate   5-44 

HC30  8-lnput  NAND  Gate   5-47 

HC32  Quad  2-lnput  OR  Gate   5-50 

HC34  Hex  Noninverting  Buffer   5-53 

HCT34  Hex  Noninverting  Buffer  with  LSTTL-Compatible  Inputs   5-56 

HC35  Hex  Noninverting  Buffer  with  Open-Drain  Outputs   5-59 

HCT35  Hex  Noninverting  Buffer  with  Open-Drain  Outputs  and 

LSTTL-Compatible  Inputs   5-62 

HC42  1-of-10  Decoder   5-65 

HC51  2-Wide,  2-lnput/2-Wide,  3-lnput  AND-NOR  Gates   5-69 

HC58  2-Wide,  2-lnput/2-Wide,  3-lnput  AND-OR  Gates   5-72 

HC73  Dual  J-K  Flip-Flop  with  Reset   5-75 

HC74  Dual  D  Flip-Flop  with  Set  and  Reset   5-79 

HC75  Dual  2-Bit  Transparent  Latch   5-83 

HC76  Dual  J-K  Flip-Flop  with  Set  and  Reset   5-87 

HC85  4-Bit  Magnitude  Comparator   5-91 

HC86  Quad  2-lnput  Exclusive  OR  Gate   5-97 

HC107  Dual  J-K  Flip-Flop  with  Reset   5-100 

HC109  Dual  J-K  Flip-Flop  with  Set  and  Reset   5-104 

HC112  Dual  J-K  Flip-Flop  with  Set  and  Reset   5-108 

HC113  Dual  J-K  Flip-Flop  with  Set   5-112 

HC125  Quad  3-State  Noninverting  Buffer   5-116 

HC126  Quad  3-State  Noninverting  Buffer   5-116 

HC132  Quad  2-lnput  NAND  Gate  with  Schmitt-Trigger  Inputs   5-120 

HC133  13-lnput  NAND  Gate   5-124 

HC137  1-of-8  Decoder/Demultiplexer  with  Address  Latch   5-127 

HC138  1-of-8  Decoder/Demultiplexer   5-132 

HC139  Dual  1-of-4  Decoder/ Demultiplexer   5-136 

HC147  Decimal-to-BCD  Encoder   5-140 

HC151  8-lnput  Date  Selector/ Multiplexer   5-144 

HC153  Dual  4-lnput  Data  Selector/ Multiplexer   5-149 

HC154  1-of-16  Decoder/ Demultiplexer   5-153 

HC157  Quad  2-lnput  Noninverting  Data  Selector/Multiplexer   5-158 
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Device  Number  Page 

MC54/MC74  Function  Number 

HC158  Quad  2-input  Inverting  Data  Selector/Multiplexer   5-158 

HC160  Presettable  BCD  Counter  with  Asynchronous  Reset   5-163 

HC161  Presettable  4-Bit  Binary  Counter  with  Asynchronous  Reset   5-163 

HC162  Presettable  BCD  Counter  with  Synchronous  Reset   5-163 

HC163  Presettable  4-Bit  Binary  Counter  with  Synchronous  Reset   5-163 

HC164  8-Bit  Serial-Input/ Parallel-Output  Shift  Register   5-177 

HC165  8-Bit  Serial-  or  Parallel-Input/Serial-Output  Shift  Register   5-182 

HC173  Quad  3-State  D  Flip-Flop  with  Common  Clock  and  Reset   5-188 

HC174  Hex  D  Flip-Flop  with  Common  Clock  and  Reset   5-193 

HC175  Quad  D  Flip-Flop  with  Common  Clock  and  Reset   5-197 

HC194  4-Bit  Bidirectional  Universal  Shift  Register   5-202 

HC195  4-Bit  Universal  Shift  Register   5-208 

HC237  1-of-8  Decoder/ Demultiplexer  with  Address  Latch   5-214 

HC240  Octal  3-State  Inverting  Buffer/Line  Driver/Line  Receiver   5-219 

HCT240  Octal  3-State  Inverting  Buffer/Line  Driver/Line  Receiver  with 

LSTTL-Compatible  Inputs   5-223 

HC241  Octal  3-State  Noninverting  Buffer/ Line  Driver/ Line  Receiver   5-227 

HCT241  Octal  3-State  Noninverting  Buffer/Line  Driver/Line  Receiver  with 

LSTTL-Compatible  Inputs   5-231 

HC242  Quad  3-State  Inverting  Bus  Transceiver   5-235 

HC243  Quad  3-State  Noninverting  Bus  Transceiver   5-235 

HC244  Octal  3-State  Noninverting  Buffer/ Line  Driver/ Line  Receiver   5-240 

HCT244  Octal  3-State  Noninverting  Buffer/ Line  Driver/ Line  Receiver  with 

LSTTL-Compatible  Inputs   5-244 

HC245  Octal  3-State  Noninverting  Bus  Transceiver   5-248 

HCT245  Octal  3-State  Noninverting  Bus  Transceiver  with  LSTTL-Compatible  Inputs  .  .  5-252 

HC251  8-lnput  Data  Selector/ Multiplexer  with  3-State  Outputs   5-256 

HC253  Dual  4-lnput  Data  Selector/ Multiplexer  with  3-State  Outputs   5-261 

HC257  Quad  2-lnput  Data  Selector/ Multiplexer  with  3-State  Outputs   5-265 

HC259  8-Bit  Addressable  Latch/1-of-8  Decoder   5-270 

HC266  Quad  2-lnput  Exclusive  NOR  Gate  with  Open-Drain  Outputs   5-275 

HC273  Octal  D  Flip-Flop  with  Common  Clock  and  Reset   5-279 

HC280  9-Bit  Odd/Even  Parity  Generator/ Checker   5-284 

HC283  4-Bit  Binary  Full  Adder  with  Fast  Carry   5-289 

HC299  8-Bit  Bidirectional  Universal  Shift  Register  with  Parallel  I/O   5-293 

HC354  8-lnput  Data  Selector/Multiplexer  with  Data  and  Address  Latches  and 

3-State  Outputs   5-300 

HC356  8-lnput  Data  Selector/ Multiplexer  with  Data  and  Address  Latches  and 

3-State  Outputs   5-306 

HC365  Hex  3-State  Noninverting  Buffer  with  Common  Enables   5-312 

HC366  Hex  3-State  Inverting  Buffer  with  Common  Enables   5-316 

HC367  Hex  3-State  Noninverting  Buffer  with  Separate  2-Bit  and  4-Bit  Sections   5-320 

HC368  Hex  3-State  Inverting  Buffer  with  Separate  2-Bit  and  4-Bit  Sections   5-324 

HC373  Octal  3-State  Noninverting  Transparent  Latch   5-328 

HCT373  Octal  3-State  Noninverting  Transparent  Latch  with 

LSTTL-Compatible  Inputs   5-332 
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HC374                Octal  3-State  Noninverting  D  Flip-Flop   5-336 

HCT374              Octal  3-State  Noninverting  D  Flip-Flop  with  LSTTL-Compatible  Inputs   5-340 

HC386                Quad  2-lnput  Exclusive  OR  Gate   5-344 

HC390                Dual  4-Stage  Binary  Ripple  Counter  with  ^2  and  ^5  Sections   5-347 

HC393                Dual  4-Stage  Binary  Ripple  Counter   5-353 

HC533                Octal  3-State  Inverting  Transparent  Latch   5-358 

HCT533              Octal  3-State  Inverting  Transparent  Latch  with  LSTTL-Compatible  Inputs   5-362 

HC534                Octal  3-State  Inverting  D  Flip-Flop   5-366 

HCT534              Octal  3-State  Inverting  D  Flip-Flop  with  LSTTL-Compatible  Inputs   5-370 

HC540                Octal  3-State  Inverting  Buffer/Line  Driver/Line  Receiver   5-374 

HCT540  Octal  3-State  Inverting  Buffer/Line  Driver/Line  Receiver  with 

LSTTL-Compatible  Inputs   5-378 

HC541                 Octal  3-State  Noninverting  Buffer/ Line  Driver/ Line  Receiver   5-382 

HCT541  Octal  3-State  Noninverting  Buffer/ Line  Driver/ Line  Receiver  with 

LSTTL-Compatible  Inputs   5-386 

HC563                Octal  3-State  Inverting  Transparent  Latch   5-390 

HC564                Octal  3-State  Inverting  D  Flip-Flop   5-395 

HC573                Octal  3-State  Noninverting  Transparent  Latch   5-400 

HC574                 Octal  3-State  Noninverting  D  Flip-Flop   5-405 

HC589  8-Bit  Serial-  or  Parallel-lnput/Serial-Output  Shift  Register  with 

3-State  Output   5-410 

HC595  8-Bit  Serial-Input/Serial-  or  Parallel-Output  Shift  Register  with 

Latched  3-State  Outputs   5-418 

HC597  8-Bit  Serial-  or  Parallel-lnput/Serial-Output  Shift  Register  with  Input  Latch  .  . .  5-425 

HC620                 Octal  3-State  Inverting  Bus  Transceiver   5-432 

HCT620               Octal  3-State  Inverting  Bus  Transceiver  with  LSTTL-Compatible  Inputs   5-436 

HC623                 Octal  3-State  Noninverting  Bus  Transceiver   5-440 

HCT623  Octal  3-State  Noninverting  Bus  Transceiver  with  LSTTL-Compatible  Inputs  .  .  5-444 

HC640                Octal  3-State  Inverting  Bus  Transceiver   5-448 

HCT640  Octal  3-State  Inverting  Bus  Transceiver  with  LSTTL-Compatible  Inputs.  .....  5-452 

HC643                 Octal  3-State  Inverting  and  Noninverting  Bus  Transceiver   5-456 

HCT643  Octal  3-State  Inverting  and  Noninverting  Bus  Transceiver  with 

LSTTL-Compatible  Inputs   5-460 

HC646                 Octal  3-State  Noninverting  Bus  Transceiver  and  D  Flip-Flop   5-464 

HC648                 Octal  3-State  Inverting  Bus  Transceiver  and  D  Flip-Flop   5-464 

HC651                 Octal  3-State  Inverting  Bus  Transceiver  and  D  Flip-Flop   5-475 

HC652                 Octal  3-State  Noninverting  Bus  Transceiver  and  D  Flip-Flop   5-475 

HC688                8-Bit  Equality  Comparator   5-486 

HC793                Octal  3-State  Noninverting  Transparent  Latch  with  Readback   5-490 

HC4002               Dual  4-lnput  NOR  Gate   5-495 

HC4016              Quad  Analog  Switch/Multiplexer/Demultiplexer   5-498 

HC4017              Decade  Counter   5-507 

HC4020              14-Stage  Binary  Ripple  Counter   5-515 

HC4024              7-Stage  Binary  Ripple  Counter   5-520 

HC4040               12-Stage  Binary  Ripple  Counter   5-525 
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HC4049  Hex  Inverting  Buffer/Logic-Level  Down  Converter   5-530 

HC4050  Hex  Noninverting  Buffer/ Logic-Level  Down  Converter   5-530 

HC4051  8-Channel  Analog  Multiplexer/ Demultiplexer   5-534 

HC4052  Dual  4-Channel  Analog  Multiplexer/ Demultiplexer   5-534 

HC4053  Triple  2-Channel  Analog  Multiplexer/ Demultiplexer   5-534 

HC4060  14-Stage  Binary  Ripple  Counter  with  Oscillator   5-546 

HC4066  Quad  Analog  Switch/Multiplexer/ Demultiplexer   5-554 

HC4075  Triple  3-lnput  OR  Gate   5-563 

HC4078  8-lnput  NOR/OR  Gate   5-566 

HC4316  Quad  Analog  Switch/Multiplexer/Demultiplexer  with  Separate  Analog  and 

Digital  Power  Supplies   5-570 

HC4351  8-Channel  Analog  Multiplexer/ Demultiplexer  with  Address  Latch   5-579 

HC4352  Dual  4-Channel  Analog  Multiplexer/ Demultiplexer  with  Address  Latch   5-579 

HC4353  Triple  2-Channel  Analog  Multiplexer/Demultiplexer  with  Address  Latch   5-579 

HC4511  BCD-to-Seven-Segment  Latch/Decoder/Display  Driver   5-591 

HC4514  1-of-16  Decoder/ Demultiplexer  with  Address  Latch   5-598 

HC4538  Dual  Precision  Monostable  Multivibrator  (Retriggerable,  Resettable)   5-605 

HC4543  BCD-to-Seven-Segment  Latch/Decoder/Display  Driver  for  LCDs   5-615 

HC7266  Quad  2-lnput  Exclusive  NOR  Gate   5-622 

HC7793  Octal  3-State  Noninverting  Transparent  Latch  with  Readback   5-626 

HC9000  Programmable  Timer   5-631 

HC9014  Nine-Wide  Schmitt-Trigger  Inverter   5-645 

HC9015  Nine-Wide  Schmitt-Trigger  Noninverting  Buffer   5-645 

HC9034  Nine-Wide  Inverter   5-649 

HCT9034  Nine-Wide  Inverter  with  LSTTL-Compatible  Inputs   5-652 

HC9035  Nine-Wide  Noninverting  Buffer   5-649 

HCT9035  Nine-Wide  Noninverting  Buffer  with  LSTTL-Compatible  Inputs   5-652 

HC9114  Nine-Wide  Schmitt-Trigger  Inverter  with  Open-Drain  Outputs   5-655 

HC9115  Nine-Wide  Schmitt-Trigger  Noninverting  Buffer  with  Open-Drain  Outputs.  .  .  .  5-655 

HC9134  Nine-Wide  Inverter  with  Open-Drain  Outputs   5-659 

HC9135  Nine-Wide  Noninverting  Buffer  with  Open-Drain  Outputs   5-659 
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Function  Selector  Guide 


Function  Page 

Buffers/Inverters    2-2 

Gates   2-11 

Schmitt  Triggers    2-17 

Bus  Transceivers   2-19 

Latches   2-22 

Flip-Flops    2-25 

Digital  Data  Selectors/Multiplexers   2-30 

Decoders/Demultiplexers/Display  Drivers   2-33 

Analog  Switches/Multiplexers/Demultiplexers   2-37 

Shift  Registers   2-41 

Counters   ~   2-44 

Miscellaneous  Devices   2-47 
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Device 
Number 
MC54/MC74 

Function 

Functional 
Equivalent 
LSTTL 
Device 
54/74 

hunctional 
Equivalent 
CMOS 
Device 
MC1XXXX 
or  CDXXXX 

Direct  Pin 
Compatibility 

Number  of 
Pins 

HC04 
HCT04 
HCU04 

HC05 
HCT05 

Hex  Inverter 

Hex  Inverter  with  LSTTL-Compatible  Inputs 

Hex  Unbuffered  Inverter 

Hex  Inverter  with  Open-Drain  Outputs 

Hex  Inverter  with  Open-Drain  Outputs  and  LSTTL-Compatible 
Inputs 

LS04 
LS04 
LS04 
LS05 
LS05 

*4069 
*4069 
4069 

LS/CMOS 
LS/CMOS 
LS/CMOS 

LS 

LS 

14 
14 
14 
14 
14 

HC14 
HC34 

HCT34 
HC35 

HCT35 

Hex  Schmitt-Trigger  Inverter 
Hex  Noninverting  Buffer 

Hex  Noninverting  Buffer  with  LSTTL-Compatible  Inputs 
Hex  Noninverting  Buffer  with  Open-Drain  Outputs 
Hex  Noninverting  Buffer  with  Open-Drain  Outputs  and 
LSTTL  Compatible  Inputs 

LS14 
LS34 
LS34 
LS35 
LS35 

4584 

LS/CMOS 
LS 
LS 
LS 
LS 

14 
14 
14 
14 
14 

HC125 
HC126 
HC240 
HCT240 

HC241 

Quad  3-State  Noninverting  Buffer 
Quad  3-State  Noninverting  Buffer 

Octal  3-State  Inverting  Buffer/Line  Driver/Line  Receiver 
Octal  3-State  Inverting  Buffer/ Line  Driver/ Line  Receiver  with 

LSTTL-Compatible  Inputs 
Octal  3-State  Noninverting  Buffer/Line  Driver/Line  Receiver 

LS125.LS125A 
LS126.LS126A 

LS240 

LS240 

LS241 

LS 
LS 
LS 
LS 

LS 

14 
14 

20 
20 

20 

HCT241 

HC242 
HC243 
HC244 
HCT244 

Octal  3-State  Noninverting  Buffer/Line  Driver/Line  Receiver 

with  LSTTL-Compatible  Inputs 
Quad  3-State  Inverting  Bus  Transceiver 
Quad  3-State  Noninverting  Bus  Transceiver 
Octal  3-State  Noninverting  Buffer/Line  Driver/Line  Receiver 
Octal  3-State  Noninverting  Buffer/Line  Driver/Line  Receiver 

with  LSTTL-Compatible  Inputs 

LS241 

LS242 
LS243 
LS244 
LS244 

LS 

LS 
LS 
LS 
LS 

20 

14 
14 

20 
20 

HC245 
HCT245 

HC365 
HC366 
HC367 

Octal  3-State  Noninverting  Bus  Transceiver 
Octal  3-State  Noninverting  Bus  Transceiver  with 

LSTTL-Compatible  Inputs 
Hex  3-State  Noninverting  Buffer  with  Common  Enables 
Hex  3-State  Inverting  Buffer  with  Common  Enables 
Hex  3-State  Noninverting  Buffer  with  Separate  2-Bit  and 

4-Bit  Sections 

LS245 
LS245 

LS365.LS365A 
LS366.LS366A 
LS367.LS367A 

4503 

LS 
LS 

LS 
LS 

LS/CMOS 

20 
20 

16 
16 
16 

HC368 

HC540 
HCT540 

HC541 
HCT541 

Hex  3-State  Inverting  Buffer  with  Separate  2-Bit  and 

4-Bit  Sections 
Octal  3-State  Inverting  Buffer/Line  Driver/Line  Receiver 
Octal  3-State  Inverting  Buffer/Line  Driver/Line  Receiver  with 

LSTTL-Compatible  Inputs 
Octal  3-State  Noninverting  Buffer/ Line  Driver/ Line  Receiver 
Octal  3-State  Noninverting  Buffer/Line  Driver/Line  Receiver 

with  LSTTL-Compatible  Inputs 

LS368.LS368A 

LS540 
LS540 

LS541 
LS541 

LS 

LS 
LS 

LS 
LS 

16 

20 
20 

20 
20 

HC620 
HCT620 

HC623 
HCT623 

HC640 

Octal  3-State  Inverting  Bus  Transceiver 
Octal  3-State  Inverting  Bus  Transceiver  with 

LSTTL-Compatible  Inputs 
Octal  3-State  Noninverting  Bus  Transceiver 
Octal  3-State  Noninverting  Bus  Transceiver  with 

LSTTL-Compatible  Inputs 
Octal  3-State  Inverting  Bus  Transceiver 

LS620 
LS620 

LS623 
LS623 

LS640 

LS 
LS 

LS 
LS 

LS 

20 
20 

20 
20 

20 

HCT640 

HC643 
HCT643 

HC4049 
HC4050 

Octal  3-State  Inverting  Bus  Transceiver  with 

LSTTL-Compatible  Inputs 
Octal  3-State  Inverting  and  Noninverting  Bus  Transceiver 
Octal  3-State  Inverting  and  Noninverting  Bus  Transceiver 

with  LSTTL-Compatible  Inputs 
Hex  Inverting  Buffer/Logic-Level  Down  Converter 
Hex  Noninverting  Buffer/Logic-Level  Down  Converter 

LS640 

LS643 
LS643 

4049 
4050 

LS 

LS 
LS 

CMOS 
CMOS 

20 

20 
20 

16 
16 
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BUFFERS/ INVERTERS  (Continued) 


Device 
Number 
MC54/MC74 

Function 

Functional 
Equivalent 
LSTTL 
Device 
54/74 

Functional 
Equivalent 
CMOS 
Device 
MC1XXXX 
or  CDXXXX 

Direct  Pin 
Compatibility 

Number  of 
Pins 

♦  HC9014 

Nine-Wide  Schmitt-Trigger  Inverter 

20 

AHC9015 

Nine-Wide  Schmitt-Trigger  Noninverting  Buffer 

20 

+  HrQ0^4 
w  r  i  ^jwi 

MinA*AAfiria  Invrortor 
l>llilc  VVlUc  Jllvci  lol 

20 

♦  HCT9034 

Nine-Wide  Inverter  with  LSTTL-Compatible  Inputs 

20 

*  HC9035 

Nine-Wide  Noninverting  Buffer 

20 

♦  HCT9035 

♦  HC9114 

♦  HC9115 

♦  HC9134 

♦  HC9135 

Nine-Wide  Noninverting  Buffer  with  LSTTL-Compatible 
Inputs 

Nine-Wide  Schmitt-Trigger  Inverter  with  Open-Drain  Outputs 
Nine-Wide  Schmitt-Trigger  Noninverting  Buffer  with 

Open-Drain  Outputs 
Nine-Wide  inverter  with  Open-Drain  Outputs 
Nine-Wide  Noninverting  Buffer  with  Open-Drain  Outputs 

20 

20 
20 

20 
20 

*  Suggested  alternative 

★  Exclusive  High-Speed  CMOS  design 


HC  Devices  Have  CMOS-Compatible  Inputs.  HCT  Devices  Have  LSTTL-Compatible  Inputs. 


Device 

HC 
HCT 
04 

HCU 
04 

HC 
HCT 
05 

HC 
14 

HC 
HCT 
34 

HC 
HCT 
35 

HC 
125 

HC 
126 

HC 
HCT 
240 

HC 
HCT 
241 

HC 
242 

HC 
243 

HC 
HCT 
244 

ft  Pins 

14 

14 

14 

14 

14 

14 

14 

14 

20 

20 

14 

14 

20 

Quad  Device 
Hex  Device 
Octal  Device 
Nine-Wide  Device 

• 

• 

• 

• 

Noninverting  Outputs 
Inverting  Outputs 

• 

• 

• 

• 

• 

• 

Single  Stage  (unbuffered) 

Schmitt  Trigger 

3-State  Outputs 
Open-Drain  Outputs 
Common  Output  Enables 
Active-Low  Output  Enables 
Active-High  Output  Enables 
Separate  4-Bit  Sections 
Separate  2-Bit  and  4-Bit  Sections 

• 
• 

• 
• 

• 

Transceiver 
Direction  Control 

Logic  Level  Down  Converter 

MOTOROLA  HIGH-SPEED  CMOS  LOGIC  DATA 
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BUFFERS/INVERTERS  (Continued) 


HC  Devices  Have  CMOS-Compatible  Inputs.  HCT  Devices  Have  LSTTL-Compatible  Inputs. 


HC 

HC 

HC 

HC 

HC 

HC 

HC 

Device 

HCT 

HC 

HC 

HC 

HC 

HCT 

HCT 

HCT 

HCT 

HCT 

HCT 

245 

365 

366 

367 

368 

540 

541 

620 

623 

640 

643 

#  Pins 

20 

16 

16 

16 

16 

20 

20 

20 

20 

20 

20 

Quad  Device 

Hex  Device 

• 

• 

• 

• 

Octal  Device 

• 

• 

• 

• 

• 

Nine-Wide  Device 

Noninverting  Outputs 

• 

• 

• 

Inverting  Outputs 

• 

• 

Single  Stage  (unbuffered) 

Schmitt  Trigger 

3-State  Outputs 

• 

• 

• 

• 

• 

• 

• 

Open-Drain  Outputs 

Common  Output  Enables 

Active-Low  Output  Enables 

• 

• 

• 

• 

Active-High  Output  Enables 

Separate  4-Bit  Sections 

Separate  2-Bit  and  4-Bit  Sections 

Transceiver 

• 

• 

• 

Direction  Control 

• 

• 

Logic-Level  Down  Converter 

HC  Devices  Have  CMOS-Compatible  Inputs.  HCT  Devices  Have  LSTTL-Compatible  Inputs. 


Device 

HC 
4049 

HC 
4050 

HC 
9014 

HC 
9015 

HC 
HCT 
9034 

HC 
HCT 
9035 

HC 
9114 

HC 
9115 

HC 
9134 

HC 
9135 

H  Pins 

16 

16 

20 

20 

20 

20 

20 

20 

20 

20 

Quad  Device 
Hex  Device 
Octal  Device 
Nine-Wide  Device 

• 

Noninverting  Outputs 
Inverting  Outputs 

• 

Single  Stage  (unbuffered) 

Schmitt  Trigger 

3-State  Outputs 
Open-Drain  Outputs 
Common  Output  Enables 
Active-Low  Output  Enables 
Active-High  Output  Enables 
Separate  4-Bit  Sections 
Separate  2-Bit  and  4-Bit  Sections 

• 

Transceiver 
Direction  Control 

Logic-Level  Down  Converter 

• 

• 

MOTOROLA  HIGH-SPEED  CMOS  LOGIC  DATA 
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BUFFERS/INVERTERS  (Continued) 


HC04 

HCT04 

HCU04 

„_!  p>o — Ht, 

„_J  ^c^-k 

.3—5  TNo  e—n 

„_2  J^>o__L„ 

.5  —  (^J50  ~  " 

m  J4-»CC 
Hi  ?. ram 

HC05 
HCT05 

OUTPUT 
PROTECTION  i  i 

0ml        2.4.6.8.10.1!  T. 

PIN  14  =  VCC 
PIN  7  =  GND 

HC14 

A!  -2-£o>-!-r! 

«3-5-f^>)-?-V3 

T-I 

PIN  14  =  Vcc 
PIN  7  -  GNO 

HC34 
HCT34 

.3—5  S>  !_« 

y=» 

«_!  !_» 

u     1!     .P>-  10  W 
 j\__!2_ys 

PIN  14.»CC 
PIN  7-GND 

HC35 
HCT35 

OUTPUT 
PROTECTION  j  i 

°ml      2.4.6.8.10.12  Y. 

.liM^^^  p>Q  

PIN  14-VCC 
PIN  7-GND 

•Denotes  open  drain  outputs. 

HC125 

oti  1 

0f2  5  1 

0E3  — a — I 

o»— i — I 

PIN  14.  »a 
PIN  7  =  GNO 

MOTOROLA  HIGH-SPEED  CMOS  LOGIC  DATA 
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Al  - 

OEI  - 


DE2   5  1 

0E3  — !S  1 


PIN  14  -VCC 
PIN  7-GBO 


HCT240 


DATA 
INPUTS 


ENABLES  (ENABLE 


BJ5  1 


INVERTING 
OUTPUTS 


PIN  20-»cc 
PIN  10  =  GNO 


HC241 
HCT241 


DATA 
INPUTS 


4 

H>  * 

^>  * 

6 

a 

^  1 

ii 

^  — 

13 

! 

15 

4 

17 

— 1 

OUTPUT  (£»«8LEA 
ENABLES  1  ENABLE  B 


4 


HC242 
HC243 


NONiNVERTING 
OUTPUTS 


DATA 
PORT 


A 


TOB  ENABLE - 
■ID  A  ENABLE - 


DATA 
PORT 


»  20-Vcc 
V  10  GNl] 


PIN  |4.Vt( 
PIN  7  =  GNO 

PINS  2.  12  =  NO  CONNECTION 


HC244 
HCT244 


DATA 
INPUTS 


:3>- 


OUTPUT 
ENABLES 


f  ENABLE  A 
[ENABLE  B 


HC245 
HCT245 


NONINVERTING 
OUTPUTS 


OUTPUT  ENABLE 


PIN  20  =  VCC 
PIN  10  =  GNO 


MOTOROLA  HIGH-SPEED  CMOS  LOGIC  DATA 
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BUFFERS/INVERTERS  (Continued) 


HC365 


PIN  1B  =  »CC 
PIN  8  =  GN0 


HC366 


PIN  1B.VCC 
PIN  e .  GNO 


HC367 


OUTPUT  ENABLE  1- 
OUTPUT  ENABLE  2  - 


PIN  16-vcc 
PIN  a  .  GND 


HC368 


OUTPUT  ENABLE  1 
OUTPUT  ENABLE  2 


HC540 
HCT540 


HC541 
HCT541 


MOTOROLA  HIGH  SPEED  CMOS  LOGIC  DATA 

2-7 


BUFFERS/INVERTERS  (Continued) 


HC620 
HCT620 


DATA 

PORT 


DATA 

POflT 


uo  =  vcc 

*  10  =  GND 


HC623 
HCT623 


DATA 
PORT 


t  20 = VCC 


DATA 
PORT 


HC640 
HCT640 


HC643 
HCT643 


DATA 
PORT 


DATA 
PORT 


PIN  20  =  VCC 
PIN  10  ■  GND 


OUTPUT  ENABLE 


HC4049 


HC4050 


mi=»cc 

PIN  8  =  GND 

PINS  13.  16  =  NO  CONNECTION 
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BUFFERS/INVERTERS  (Continued) 


HC9014 


PIN  20  -  VCC 
PIN  10-GND 


HC9015 


PIN  20  =  V[C 
PIN  10-GND 


HC9034 
HCT9034 


HC9035 
HCT9035 


PIN  20  =  VCC 
PIN  10  =  GND 


PIN  20  =  VCC 
PIN  10=  GNU 


HC9114 


HC9115 


v  c 


OUTPUT  . 
PROTECTION  i 
DI00E 


19. 18.17. 16,15.14,13,12.11,,. 


OUTPUT 
PHOTtCTION 
DIODE 


HN  20  =  VCC 
PIN  10  =  GNO 
•Denotes  open-drain  oulpuls. 


19.18.17.16.15,14.13.12.11 


PIN  20  =  VCC 
PIN  10-GND 


MOTOROLA  HIGH-SPEED  CMOS  LOGIC  DATA 
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OUTPUT 
PROTECTION  i 


19.18.17.16. 
15.14.13.12.11 


1.2.3.4.5.6.7.B.9 


PIN  20  =  VCC 


•Denotes  open-drain  outputs. 


OUTPUT 
PROTECTION  ^ 
01  ODE 


19,18.17.16, 
15.14.13.12.11 


.  1.2.3,4.5.6.7.8.9 


PIN  20- VK 
PIN  10  =  GND 
*  Denotes  open-drain  outputs. 
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GATES 


Device 
Number 
MC54/MC74 

Function 

Functional 
Equivalent 
LSTTL 
Device 
54/74 

Functional 
Equivalent 
CMOS 
Device 
MC1XXXX 
or  CDXXXX 

Direct  Pin 
Compatibility 

Number  of 
Pins 

HCOO 
HC02 
HC03 
HC08 
HC10 

Quad  2-lnput  NAND  Gate 
Quad  2-lnput  NOR  Gate 

Quad  2-lnput  NAND  Gate  with  Open-Drain  Outputs 
Quad  2-lnput  AND  Gate 
Triple  3-lnput  NAND  Gate 

LSOO 
LS02 
LS03 
LS08 
LS10 

4011 
4001 
•4011 
4081 
4023 

LS 
LS 
LS 
LS 
LS 

14 
14 
14 
14 
14 

HC11 
HC20 
HC27 
HC30 
HC32 

Triple  3-lnput  AND  Gate 
Dual  4-lnput  NAND  Gate 
Triple  3-lnput  NOR  Gate 
8-lnput  NAND  Gate 
Quad  2-lnput  OR  Gate 

LS11 
LS20 
LS27 
LS30 
LS32 

4073 
4012 
4025 
4068 
4071 

LS 
LS 
LS 
LS 
LS 

14 
14 
14 
14 
14 

HC51 
*HC58 

HC86 
HC132 
HC133 

2-Wide,  2-lnput/2-Wide,  3-lnput  AND-NOR  Gates 
2-Wide,  2-lnput/2-Wide,  3-lnput  AND-OR  Gates 
Quad  2-lnput  Exclusive  OR  Gate 
Quad  2-lnput  NAND  Gate  with  Schmitt-Trigger  Inputs 
13-lnput  NAND  Gate 

LS51 

LS86 
LS132 
LS133 

*4506 
*4506 
4070 
4093 

LS 

LS 
LS 
LS 

14 
14 
14 
14 
16 

HC266 
HC386 
HC4002 
HC4075 
HC4078 

Quad  2-lnput  Exclusive  NOR  Gate  with  Open-Drain  Outputs 
Quad  2-lnput  Exclusive  OR  Gate 
Dual  4-lnput  NOR  Gate 
Triple  3-lnput  OR  Gate 
8-lnput  NOR/OR  Gate 

LS266 
LS386 
*LS25 

*4077 
4070 
4002 
4075 
4078 

LS/CMOS 
LS/CMOS 
CMOS 
CMOS 
CMOS 

14 
14 
14 
14 
14 

*  HC7266 

Quad  2-lnput  Exclusive  NOR  Gate 

*LS266 

4077 

LS/CMOS 

14 

*Suggested  alternative 

♦  Exclusive  High-Speed  CMOS  design 
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GATES  (Continued) 


HC  Devices  Have  CMOS-Compatible  Inputs. 


1 


Device 

HC 
00 

HC 
02 

HC 
03 

HC 
08 

HC 
10 

HC 
11 

HC 
20 

HC 
27 

HC 
30 

HC 
32 

#  Pins 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

Single  Device 
Dual  Device 
Triple  Device 
Quad  Device 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

NAND 
NOR 
AND 
OR 

• 

• 

• 

• 

• 

• 

• 

Exclusive  OR 
Exclusive  NOR 
AND-NOR 
AND-OR 

2-  lnput 

3-  lnput 

4-  lnput 
8-lnput 
13-lnput 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Schmitt-Trigger  Inputs 

Open-Drain  Outputs 

• 

HC  Devices  Have  CMOS-Compatible  Inputs. 


Device 

HC 
51 

HC 
58 

HC 
86 

HC 
132 

HC 
133 

HC 
266 

HC 
386 

HC 
4002 

HC 
4075 

HC 
4078 

HC 
7266 

#  Pins 

14 

14 

14 

14 

16 

14 

14 

14 

14 

14 

14 

Single  Device 
Dual  Device 
Triple  Device 
Quad  Device 

• 

• 

• 

• 

• 

• 

NAND 
NOR 
AND 
OR 

• 

• 

Exclusive  OR 
Exclusive  NOR 
AND-NOR 
AND-OR 

• 

• 

• 

• 

2-  lnput 

3-  lnput 

4-  lnput 
8-lnput 
13-lnput 

• 
• 

• 
• 

• 

• 

• 

• 

• 

• 

• 

• 

Schmitt-Trigger  Inputs 

Open-Drain  Outputs 

• 

These  devices  are  identical  in  function  and  are  different  in  pinout  only:  HC86  and  HC386 
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GATES  (Continued) 


HCOO 


:3>= 


PIN  I4-Vcc 
pin  7 .  GNO 


HC02 


HC03 


HC08 


OUTPUT 
PROTECTION^  ^ 
010DE 


iillH — \J\J 

2.5,10,13  JO  °\J>  


1 


"irl — \ 
m — i  x 


PIN  14  =  VC[ 


•Denotes  open  drain  outputs 


PIN  H-VCC 
PIN  7  =  GNO 


HC10 


HC11 


l\^(_J  


"-<  J  -A  6 

s3=LJ  " 


PIN  14-Vrc 
PIN  ?  =  GNO 


PIN  14.VCC 
PIN  7  •  GNO 


MOTOROLA  HIGH-SPEED  CMOS  LOGIC  DATA 


GATES  (Continued) 


HC86 


:it>- 


>  .A.B 

-  ab  -  m 


TO  7  ^  GND 


HC132  a, 


E 


HC133 


HC386 


TO  16.VCC 
PIN  8  -  GND 


A  *  B 

.  AB  •  AB 


HC266 


3.  <■  10.  11  . 


PIN  14  =  VCC 


•Denotes  Open-Drain  Outputs 


HC4O02 


PIN  1 4  =  VCC 
PIN  7  =  GNO 

PINS  6.  8  =  NO  CONNECTION 


I 
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GATES  (Continued) 


MOTOROLA  HIGH  SPEED  CMOS  LOGIC  DATA 
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SCHMITT  TRIGGERS 


Device 
Number 
MC54/MC74 

Function 

Functional 
Equivalent 
LSTTL 
Device 
54/74 

Functional 
Equivalent 
CMOS 
Device 
MC1XXXX 
or  CDXXXX 

Direct  Pin 
Compatibility 

Number  of 
Pins 

HC14 

Hex  Schmitt-Trigger  Inverter 

LS14 

4584 

LS/CMOS 

14 

HC132 

Quad  2-lnput  NAND  Gate  with  Schmitt-Trigger  Inputs 

LS132 

4093 

LS 

14 

♦  HC9014 

Nine-Wide  Schmitt-Trigger  Inverter 

20 

♦  HC9015 

Nine-Wide  Schmitt-Trigger  Noninverting  Buffer 

20 

♦  HC9114 

Nine-Wide  Schmitt-Trigger  Inverter  with  Open-Drain  Outputs 

20 

♦  HC9115 

Nine-Wide  Schmitt-Trigger  Noninverting  Buffer  with 

20 

Open-Drain  Outputs 

*  Exclusive  High-Speed  CMOS  design 
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Al-!-|^>0-2-Y. 

a  J_J>>-±-Y2 

A3  -S-fe>qst,  13 

A4 -5-|^>>-L  14 


rm  n»vcc 

PIN  7  =  GfJD 


HC9014 


HC9015 


PIN  20- 
PIN  10  = 


PIN  20  =  VCC 
PIN  10  =  GND 


HC9114 


HC9115 


OUTPUT  . 
PROTECTION  A 
0I00E 


19,18,17.16,15.14.I3,12,11„ 


OUTPUT  I 
PROTECTION  A 

DIOOE  119,18.17,16,15.14,13,12,11  r 


PIN  20  =  VCC 
PIN  10  =  GND 
Denotes  open-drain  outputs. 


PIN  20  =  VCC 
PIN  10  =  GND 
♦Denotes  open  drain  outputs. 
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BUS  TRANSCEIVERS 


Device 
Number 
MC54/MC74 

Function 

Functional 
Equivalent 
LSTTL 
Device 
54/74 

Functional 
Equivalent 
CMOS 
Device 
MC1XXXX 
or  CDXXXX 

Direct  Pin 
Compatibility 

Number  of 
Pins 

HC242 
HC243 
HC245 
HCT245 

HC620 

Quad  3-State  Inverting  Bus  Transceiver 
Quad  3-State  Noninverting  Bus  Transceiver 
Octal  3-State  Noninverting  Bus  Transceiver 
Octal  3-State  Noninverting  Bus  Transceiver  with 

LSTTL-Compatible  Inputs 
Octal  3-State  Inverting  Bus  Transceiver 

LS242 
LS243 
LS245 
LS245 

LS620 

LS 
LS 
LS 
LS 

LS 

14 
14 
20 
20 

20 

HCT620 

HC623 
HCT623 

HC640 
HCT640 

Octal  3-State  Inverting  Bus  Transceiver  with  LSTTL- 
Compatible  Inputs 

Octal  3-State  Noninverting  Bus  Transceiver 

Octal  3-State  Noninverting  Bus  Transceiver  with 
LSTTL-Compatible  Inputs 

Octal  3-State  Inverting  Bus  Transceiver 

Octal  3-State  Inverting  Bus  Transceiver  with  LSTTL- 
Compatible  Inputs 

LS620 

LS623 
LS623 

LS640 
LS640 

LS 

LS 
LS 

LS 
LS 

20 

20 
20 

20 
20 

HC643 
HCT643 

HC646 
HC648 
HC651 

Octal  3-State  Inverting  and  Noninverting  Bus  Transceiver 
Octal  3-State  Inverting  and  Noninverting  Bus  Transceiver 

with  LSTTL-Compatible  Inputs 
Octal  3-State  Noninverting  Bus  Transceiver  and  D  Flip-Flop 
Octal  3-State  Inverting  Bus  Transceiver  and  D  Flip-Flop 
Octal  3-State  Inverting  Bus  Transceiver  and  D  Flip-Flop 

LS643 
LS643 

LS646 
LS648 
LS651 

LS 
LS 

LS 
LS 
LS 

20 
20 

24 
24 
24 

HC652 

Octal  3-State  Noninverting  Bus  Transceiver  and  D  Flip-Flop 

LS652 

LS 

24 

HC  Devices  Have  CMOS-Compatible  Inputs.  HCT  Devices  Have  LSTTL-Compatible  Inputs. 


Device 

HC 
242 

HC 
243 

HC 
HCT 
245 

HC 
HCT 
620 

HC 
HCT 
623 

HC 
HCT 
640 

HC 
HCT 
643 

HC 
646 

HC 
648 

HC 
651 

HC 
652 

»  Pins 

14 

14 

20 

20 

20 

20 

20 

24 

24 

24 

24 

Quad  Device 
Octal  Device 

• 

• 

• 

• 

• 

f 

Buffer 

Storage  Capability 

• 

• 

• 

• 

• 

Inverting  Outputs 
Noninverting  Outputs 

• 

• 

• 

Common  Output  Enable 
Active-Low  Output  Enable 
Active-High  Output  Enable 

• 
• 

• 
• 

• 
• 

• 

• 

Direction  Control 

• 

• 

• 

• 

• 

MOTOROLA  HIGH-SPEED  CMOS  LOGIC  DATA 
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BUS  TRANSCEIVERS  (Continued) 


HC242 
HC243 


□ATA 
PORT 


OUTPUT 
ENABLES 


t  ATO 

I  B  TO- 


8  ENABLE  - 
A  ENABLE  - 


DATA 
PORT 


PIN  H-Kcc 
PIN  7  =  GNO 

PINS  2.  12  =  NO  CONNECTION 


HC245 
HCT245 


HC620 
HCT620 


HC623 
HCT623 


OUTPUT  I  0E8  ■ 
\oEA- 


CAi  A 
PORT 


OATA 

PORT 


PIN  ZO-Vcc 
PIN  10  =  GNO 


N  20  -  \TCC 
»  10 -GNO 


HC640 
HCT640 


HC643 
HCT643 


DATA 
PORT 


OUTPUT  ENABLE 


PIN  20.¥CC 
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BUS  TRANSCEIVERS  (Continued) 


HC646 
HC648 


DATA 
PORT 


FlIP  F10P 
CLOCKS 
DATA  SOURCE  f 

selection! 

INPUT 5  I 


(  ATOB 
\  8  TO  A 


CLOCK  - 

Clock  - 
A  T0  8  source  - 

B  TO  A  SOURCE  - 


DATA 
PORT 


*24  VCC 


HC651 
HC652 


FLIP  FLOP 
CLOCKS 


OUTPUT 

\  OE8 

CLOCK 
CLOCK 
A  TO  B  SOURCE 


(  A-TO-8  c 
\  B  TO  A  C 


DATA  SOURCE  f 
SELECTION  1 

INPUTS  I  B  T0  * 


DATA 

PORT 


«24  =  VCC 
i  1 2  =  GNO 
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Device 
Number 
MC54/MC74 

Function 

Functional 
Equivalent 
LSTTL 
Device 
54/74 

Functional 
Equivalent 
CMOS 
Device 
MC1XXXX 
or  CDXXXX 

Direct  Pin 
Compatibility 

Number  of 
Pins 

HC75 

Dual  2-Bit  Transparent  Latch 

LS75 

LS 

16 

HC259 

8-Bit  Addressable  Latch/1-of-8  Decoder 

LS259 

LS 

16 

HC373 

Octal  3-State  Noninverting  Transparent  Latch 

LS373.LS573 

LS373 

20 

HCT373 

Octal  3-State  Noninverting  Transparent  Latch  with 

LS373.LS573 

LS373 

20 

LSTTL-Compatible  Inputs 

HC533 

Octal  3-State  Inverting  Transparent  Latch 

LS533.LS563 

LS533 

20 

HCT533 

HC563 
HC573 
HC793 
♦  HC7793 

Octal  3-State  Inverting  Transparent  Latch  with 

LSTTL-Compatible  Inputs 
Octal  3-State  Inverting  Transparent  Latch 
Octal  3-State  Noninverting  Transparent  Latch 
Octal  3-State  Noninverting  Transparent  Latch  with  Readback 
Octal  3-State  Noninverting  Transparent  Latch  with  Readback 

LS533.LS563 

LS533.LS563 
LS373.LS573 
LS793 

LS533 

LS563 
LS573 
LS 

20 

20 
20 
20 
20 

♦  Exclusive  High-Speed  CMOS  design 


HC  Devices  Have  CMOS-Compatible  Inputs.  HCT  Devices  Have  LSTTL-Compatible  Inputs. 


HC 

HC 

Device 

HC 

HC 

HCT 

HCT 

HC 

HC 

HC 

HC 

75 

259 

373 

533 

563 

573 

793 

7793 

tt  Pins 

16 

16 

20 

20 

20 

20 

20 

20 

Single  Device 
Dual  Device 
Octal  Device 

• 

• 

• 

• 

• 

Number  of  Bits  Controlled  by  Latch  Enable: 
2 

8 

• 

• 

• 

Transparent 
Addressable 
Readback  Capability 

• 

• 

Noninverting  Outputs 
Inverting  Outputs 

• 

Common  Latch  Enable,  Active-Low 

3-State  Outputs 

Common  Output  Enable,  Active-Low 

• 
• 

• 
• 

• 
• 

• 
• 

• 

These  devices  are  identical  in  function  and  are  different  in  pinout  only:  HC/HCT373  and  HC573 

HC/HCT533  and  HC563 
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LATCHES  (Continued) 


HC75 


HC259 


HC373 
HCT373 


HC533 
HCT533 


-2-00 

01-A- 

— 5— m 

02-Z- 

-S-m 

D3-S- 

-3-Q3 

04-12- 

-12-04 

w-!i- 

-SS-05 

D6-H- 

JS-06 

01 -Jt 

PIN  20  =  VCC 
PIN  10-GNO 


PIN  10  .  vCc 


HC563 


HC573 
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LATCHES  (Continued) 


HC793 


HC7793 


DATA 
PORT 


PW20-»CC 

pm  10.  two 
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FLIP-FLOPS 


Device 
Number 
MC54/MC74 

Function 

Functional 
Equivalent 
LSTTL 
Device 
54/74 

Functional 
Equivalent 
CMOS 
Device 
MC1XXXX 
or  CDXXXX 

Direct  Pin 
Compatibility 

Number  of 
Pins 

HC73 

HC74 
HC76 

HC107 

HC109 

Dual  J-K  Flip-Flop  with  Reset 

Dual  D  Flip-Flop  with  Set  and  Reset 
Dual  J-K  Flip-Flop  with  Set  and  Reset 

Dual  J-K  Flip-Flop  with  Reset 

Dual  J-K  Flip-Flop  with  Set  and  Reset 

LS73.LS73A, 
LS107.LS107A 
LS74.LS74A 
LS76.LS76A, 

1  Q1 19  I  19A 

LS73.LS73A, 
LS107.LS107A 
LS109.LS109A 

•4027 

*4013 
•4027 

*4027 

*4027 

LS73, 
LS73A 

LS 
LS76, 
LS76A 
LS107, 
LS107A 

LS 

14 

14 
16 

14 

16 

HC112 

HC113 
HC173 
HC174 
HC175 

Dual  J-K  Flip-Flop  with  Set  and  Reset 
Dual  J-K  Flip-Flop  with  Set 

Quad  3-State  D  Flip-Flop  with  Common  Clock  and  Reset 
Hex  D  Rip-Flop  with  Common  Clock  and  Reset 
Quad  D  Flip-Flop  with  Common  Clock  and  Reset 

LS76.LS76A, 

1            1  ^119A 

L.O  1  1  Z,  l_0  1  liH 

LS113.LS113A 
LS173.LS173A 

LS174 

LS175 

•4027 

*4027 
4076 
4174 
4175 

LS112, 
LS112A 
LS 

LS/CMOS 
LS/CMOS 
LS/CMOS 

16 

14 
16 
16 
16 

HC273 
HC374 
HCT374 

HC534 
HCT534 

Octal  D  Flip-Flop  with  Common  Clock  and  Reset 

Octal  3-State  Noninverting  D  Flip-Flop 

Octal  3-State  Noninverting  D  Flip-Flop  with  LSTTL- 

Compatible  Inputs 
Octal  3-State  Inverting  D  Flip-Flop 

Octal  3-State  Inverting  D  Flip-Flop  with  LSTTL-Compatible 
Inputs 

LS273 
LS374.LS574 
LS374.LS574 

LS534.LS564 
LS534.LS564 

LS 
LS374 
LS374 

LS534 
LS534 

20 
20 
20 

20 
20 

HC564 
HC574 
HC646 
HC648 
HC651 

Octal  3-State  Inverting  D  Flip-Flop 

Octal  3-State  Noninverting  D  Flip-Flop 

Octal  3-State  Noninverting  Bus  Transceiver  and  D  Flip-Flop 

Octal  3-State  Inverting  Bus  Transceiver  and  D  Flip-Flop 

Octal  3-State  Inverting  Bus  Transceiver  and  D  Flip-Flop 

LSB34.LS564 
LS374.LS574 

LS646 

LS648 

LS651 

LS564 
LS574 

LS 

LS 

LS 

20 
20 
24 
24 
24 

HC652 

Octal  3-State  Noninverting  Bus  Transceiver  and  D  Flip-Flop 

LS652 

LS 

24 

Suggested  alternative 
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Device 

HC 
73 

HC 
74 

HC 
76 

HC 
107 

HC 
109 

HC 
112 

HC 
113 

HC 
173 

HC 
174 

HC 
175 

#  Pins 

14 

14 

16 

14 

16 

16 

14 

16 

16 

16 

Type 

J-K 

D 

J-K 

J-K 

J-K 

J-K 

J-K 

D 

D 

D 

Dual  Device 
Quad  Device 
Hex  Device 
Octal  Device 

• 

• 

• 

• 

• 

■ 

Common  Clock 
Negative-Transition  Clocking 
Positive-Transition  Clocking 

• 

• 

• 

• 

• 

• 

• 
• 

• 
• 

Common,  Active-Low  Data  Enables 

Noninverting  Outputs 
Inverting  Outputs 

• 

• 

• 
• 

• 
• 

• 
• 

• 
• 

• 
• 

• 

• 

• 

3-State  Outputs 

Common,  Active-Low  Output  Enables 

• 
• 

Common  Reset 
Active- Low  Reset 
Active-High  Reset 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Active- Low  Set 

• 

• 

• 

Transceiver 

Direction  Control 


HC  Devices  Have  CMOS-Compatible  Inputs.  HCT  Devices  Have  LSTTL-Compatible  Inputs, 


HC 

HC 

Device 

HC 

HCT 

HCT 

HC 

HC 

HC 

HC 

HC 

HC 

273 

374 

534 

564 

574 

646 

648 

651 

662 

0  Pins 

20 

20 

20 

20 

20 

24 

24 

24 

24 

Type 

D 

D 

D 

D 

D 

D 

D 

D 

D 

Dual  Device 
Quad  Device 
Hex  Device 
Octal  Device 

• 

• 

• 

• 

• 

• 

• 

• 

Common  Clock 
Negative-Transition  Clocking 
Positive-Transition  Clocking 

• 
• 

• 
• 

• 

• 

• 

• 
• 

• 

• 

Common,  Active-Low  Data  Enables 

Noninverting  Outputs 
Inverting  Outputs 

• 

• 

• 

• 

• 

• 

3-State  Outputs 

Common,  Active-Low  Output  Enables 

• 
• 

• 
• 

• 
• 

• 
• 

• 
• 

• 
• 

• 

• 

Common  Reset 
Active- Low  Reset 
Active-High  Reset 

• 
• 

Active-Low  Set 

Transceiver 
Direction  Control 

• 

• 
• 

• 

These  devices  are  identical  in  function  and  are  different  in  pinout  only:  HC73  and  HC107 


HC76and  HC112 
HC374  and  HC574 
HC534  and  HC564 
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■ 


FLIP-FLOPS  (Continued) 


HC73 


-or 


-52 


Pir>4=VCC 
Pin  11-GND 


HC74 


Clock  1  - 
Sei  1- 


P,n  14  =  VCC 
Pin  7  =  GNO 


HC76 


Pin  5  =  Vcc 
Pin  13=  GND 


HC107 


Pin  14  =VCC 
P,n  7  =  GND 


HC109 


HC112 


Pin  16=  Vcc 
Pin  8=  GND 


Pin  16  =Vcc 
P.n  8  =  GNO 


MOTOROLA  HIGH-SPEED  CMOS  LOGIC  DATA 


FLIP-FLOPS  (Continued) 


HC113 


HC173 


Data 
Input! 


HC174 


Data 
Inputs 


HC175 


'  DO 
Dl 
02 

3 

4 

6 

03 
OJ 

D5 

11 

13 

14 

Noninvemng 
Oulpuls 


Pin  16-VCC 
P,n  8-GND 


HC273 


HC374 
HCT374 


Nonmvertii 
Outputs 


I 
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FLIP-FLOPS  (Continued) 


HC534 
HCT534 


HC564 


DO  

01  — — 

>-!5-oo 
>-*-«, 

17 

3  0! 

02  

03  

04  — — 

OS— ^— 

06  

d-!2-m 

07— i-i 

D-*-07 

MUIM 

OUTPUTS 


K20-VCC 


_ 


HC574 


HC646 
HC648 


DATA 
PORT 


OUTPUT  ENABLE  - 


m  20  =  VCC 
PIN  10  =  MO 


FLIP  FLOP 
CLOCKS 

DATA  SOURCE 
SELECTION 
INPUTS 


(  A  TE 

\  fl  TC 

(  A  TI 
I 


I  TO  9  SOURCE  - 
8  TO  A  SOURCE  - 


OATA 
POUT 


PtN24  =  VCC 


HC651 
HC652 


DATA 

PORT 


OUTPUT 
ENABLES 


{ 


0E8- 
A  TO  8  CLOCK  - 
_  BTO-A  CLOCK  ■ 
DATA-SOURCE  f  "A.TM  SOURCE 
SELECTION  \ 
INPUTS  I 


FLIP-FLOP 
CLOCKS 


(: 


B TO  A  SOURCE  ■ 


OATA 
PORT 


PIN  24  =  VCC 
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Device 
Number 
MC54/MC74 

Function 

Functional 
Equivalent 
LSTTL 
Device 
54/74 

Functional 
Equivalent 
CMOS 
Device 
MC1XXXX 
or  CDXXXX 

Direct  Pin 
Compatibility 

Number  of 
Pins 

HC151 

8-lnput  Data  Selector/Multiplexer 

LS151 

*4512 

LS 

16 

HC153 

Dual  4-lnput  Data  Selector/Multiplexer 

LS153 

4539 

LS/CMOS 

16 

HC157 

Quad  2-lnput  Noninverting  Data  Selector/Multiplexer 

LS157 

•4519 

LS 

16 

HC158 

Quad  2-lnput  Inverting  Data  Selector/Multiplexer 

LS158 

*4519 

LS 

16 

HC251 

8-lnput  Data  Selector/Multiplexer  with  3-State  Outputs 

LS251 

*4512 

LS 

16 

HC253 
HC257 
HC354 

HC356 

Dual  4-lnput  Data  Selector/Multiplexer  with  3- State  Outputs 
Quad  2-lnput  Data  Selector/Multiplexer  with  3-State  Outputs 
8-lnput  Data  Selector/Multiplexer  with  Data  and  Address 

Latches  and  3-State  Outputs 
8-lnput  Data  Selector/Multiplexer  with  Data  and  Address 

Latches  and  3-State  Outputs 

LS253 
LS2B7 
LS354,*LS356 

*LS354,LS356 

*4539 
*4519 
*4512 

•4512 

LS/CMOS 
LS 
LS354 

LS356 

16 
16 
20 

20 

♦Suggested  alternative 


HC  Devices  Have  CMOS-Compatible  Inputs. 


Device 

HC 
151 

HC 
153 

HC 
157 

HC 
158 

HC 
251 

HC 

253 

HC 
257 

HC 
354 

HC 
356 

#  Pins 

16 

16 

16 

16 

16 

16 

16 

20 

20 

Description 

One  of 
8  inputs  is 
selected 

One  of 
4  inputs  is 
selected 

One  of 
two  4-bit 
words  is 
selected 

One  of 
two  4- bit 
words  is 
selected 

One  of 
8  inputs  is 
selected 

One  of 
4  inputs  is 
selected 

One  of 
two  4- bit 
words  is 
selected 

One  of 
8  inputs  is 
selected 

One  of 
8  inputs  is 
selected 

Single  Device 
Dual  Device 
Quad  Device 

• 

• 

• 

• 

Data  Latch  with  Active-Low 
Latch  Enable 

Common  Address 

1-  Bit  Binary  Address 

2-  Bit  Binary  Address 

3-  Bit  Binary  Address 

• 

• 
• 

• 

• 

• 

• 

Address  Latch  (Transparent) 
Address  Latch 

(Non-transparent) 
Active-Low  Address  Latch 

Enable 

Noninverting  Output 
Inverting  Output 

• 

• 

• 

• 

3-State  Outputs 

• 

• 

• 

• 

Common  Output  Enable 
Active-High  Output  Enable 
Active-Low  Output  Enable 

• 

• 

• 
• 

• 
• 

• 

• 

• 
• 

• 

•• 

••implies  the  device  has  two  such  enables 
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DIGITAL  DATA  SELECTORS/MULTIPLEXERS  (Continued) 


HC151 


Data 
Inputs 


I  Da  la 
I  Outputs 


HC153 


HC157 
HC158 


HC251 


HC157-Noninverting  Outputs 
HC158-lnverting  Outputs 


I  Data 
f  OutpulS 


HC253 


HC257 


Data- 
Word  b 
Inputs 


Nibble 
8  Input 


A,i_ 

fBO^ 

7 

6 

Bl  

12 

 Y3 

B3  — 

Outpui  15 
Enable  b 


Noninverting 
Data 
Outputs 


Outpui  15 


Pin  16  =  VCC 
Pin  8  n  GND 


Pin  16=  VCc 
P.n8  =  GND 
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DIGITAL  DATA  SELECTORS/MULTIPLEXERS  (Continued) 


HC354 


DATA 
INPUTS 


— 

8  BIT 

DATA 

LATCH 

B  BIT 

[TRANS 

MULTIPLEXER 

PARENT ) 

DATA -LATCH 
ENABLE 


ADDRESS 
INPUTS 


f  AO— ^~ 


3  STATE 
OUTPUT 
CONTROL 


AOLWESS 
LATCH 
(TP.ANS 
PARENT) 


ADDRESS  LATCH  II 
ENABLE 


ISO 


3  STATE 

DATA 

OUTPUTS 


PIN  20  =  VCC 
PIN  10  =  GNO 


HC356 


8BIT 
DATA 
LATCH 
(HON 
TRANS- 
PARENT) 


DATA-LATCH  9 
CLOCK 


B8IT 
MULTIPLEXER 


ADDRESS 
INPUTS 


3'STATE 
OUTPUT 
CONTHOl 


ADDRESS 
LATCH 
(TRANS- 
PARENT) 


ADOflESS -LATCH  11 
ENABLE 


,  »    ,  }  3  STATE 

~  I  t°»" 

 <  J  OUTPUTS 


PIN  20  =  VCC 
PIN  10-GND 
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DECODERS/DEMULTIPLEXERS/DISPLAY  DRIVERS 


Device 
Number 
MCS4/MC74 

Function 

Functional 
Equivalent 
LSTTL 
Device 
54/74 

Functional 
Equivalent 
CMOS 
Device 

MP1XXXX 

or  CDXXXX 

Direct  Pin 
Compatibility 

Number  of 
Pine 

HC42 
HC137 
HC138 
HC139 
HC147 

1-of-10  Decoder 

1-of-8  Decoder/ Demultiplexer  with  Address  Latch 
1-of-8  Decoder/ Demultiplexer 
Dual  1-of-4  Decoder/ Demultiplexer 
Decimal-to-BCD  Encoder 

LS42 
LS137 
LS138 
LS139 
LS147 

•4028 
*4028 
*4028 
4556 

LS 
LS 
LS 

LS/CMOS 
LS 

16 
16 
16 
16 
16 

HC154 
*HC237 

HC259 
HC4511 

HC4514 

1-of-16  Decoder/ Demultiplexer 
1-of-8  Decoder/ Demultiplexer  with  Address  Latch 
8-Bit  Addressable  Latch/ 1-of-8  Decoder 
BCD-to-Seven-Segment  Latch/ Decoder/ Display  Driver 

1-of-16  Decoder/Demultiplexer  with  Address  Latch 

LS154,*LS159 
*LS137 
LS259 
*LS47,*LS48, 

*LS49 
*LS154,*LS159 

*4515 
♦4028 

4511 

4514, 
*4515 

LS 

LS 
CMOS 

CMOS 

24 
16 
16 
16 

24 

HC4543 

BCD-to-Seven-Segment  Latch /Decoder/ Display  Driver 
for  LCDs 

*LS47,*LS48, 
*LS49 

4543 

CMOS 

16 

*  Suggested  alternative 

*  Exclusive  High-Speed  CMOS  design 
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- 

Device 

HC 
42 

HC 
137 

HC 
138 

HC 
139 

HC 
147 

HC 
154 

ft  Pins 

16 

16 

16 

16 

16 

24 

Input  Description 

BCD  Address 

3-Bit  Binary 
Address 

3-Bit  Binary 
Address 

2-Bit  Binary 
Address 

Any 
Combination  of 
9  Inputs 

4-Bit  Binary 
Address 

Output  Description 

One  of  10 

One  of  8 

One  of  8 

One  of  4 

BCD  Address  of 
Highest  Input 

One  of  16 

Single  Device 
Dual  Device 

• 

• 

• 

• 

• 

• 

Address  Input  Latch 
Active-High  Latch  Enable 
Active-Low  Latch  Enable 

• 

Active-Low  Inputs 

• 

Active-Low  Outputs 
Active-High  Outputs 

• 

• 

• 

• 

• 

• 

Active-Low  Output  Enable 
Active-High  Output  Enable 

• 
• 

• 

• 

Active-Low  Reset 

Active-Low  Blanking  Input 
Active-High  Blanking  Input 

Active-Low  Lamp-Test  Input 

Phase  Input  (for  LCD's) 

••implies  the  device  has  two  such  enables 


HC  Devices  Have  CMOS-Compatible  Inputs, 


Device 

HC 
237 

HC 
259 

HC 
4511 

HC 
4514 

HC 
4543 

*  Pins 

16 

16 

16 

24 

16 

Input  Description 

3-Bit  Binary 
Address 

3-Bit  Binary 
Address 

BCD  Data 

4-Bit  Binary 
Address 

BCD  Data 

Output  Description 

One  of  8 

One  of  8 

7-Segment 
Display 

One  of  16 

7-Segment 
Display 

Single  Device 
Dual  Device 

• 

• 

• 

• 

Address  Input  Latch 
Active-High  Latch  Enable 
Active-Low  Latch  Enable 

• 
• 

• 
• 

• 
• 

Active-Low  Inputs 

Active-Low  Outputs 
Active-High  Outputs 

Active-Low  Output  Enable 
Active-High  Output  Enable 

• 
• 

• 

Active-Low  Reset 

• 

Active-Low  Blanking  Input 
Active-High  Blanking  Input 

• 

• 

Active-Low  Lamp  Test  Input 

• 

Phase  Input  (for  LCD's) 

• 
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DECODERS/DEMULTIPLEXERS/DISPLAY  DRIVERS  (Continued) 


HC42 


BCD 
Address 
inputs 


Active -Low 
Outputs 


HC137 


Address 
Inputs 


Trans- 
parent 
Latch 


Low 
Outputs 


Chip- 
Select 
Inputs 


CSI  — 

CS2— 5- 


Pin  16-VCC 
P,n8-GND 


HC138 


HC139 


■  <3a 


Active-Low 
Outputs 


Select,  - 


{  A0„_!i. 
{A,b^3_ 


.  Y2b 
Y3t, 


Active- Low 
Outputs 


Selectb- 


Pin  16  =  vcc 
Pin  8  =  GND 


HC147 


HC154 


Decimal 
Data  Inputs 
lActive-Low) 


BCD 
Address 
Outputs 
(Active-  Low) 


Pin  16  =  VCC 
Pin  8  =  GND 
Pin  15  -  No 


Binary 
Address 
Inputs 
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DECODERS/DEMULTIPLEXERS/DISPLAY  DRIVERS  (Continued) 


HC237 


HC259 


ftctive-High 
Outputs 


HC4511 


HC4514 


BCD 
Inputs 


C  - 
DIMSBI- 


Control 
Inputs 


f  5 


13 

Decoder 
and 

12 

4- Bit 
Transparent 
Latch 

11 

Output 

10 

9 
15 
1-1 

Seven- 
Segmeni 
Display- 

Driver 
Outputs 


4- to- 16 

Line 
Decoder 


■ve  High 
Ouiputs 


Pin  16  =  VCC 
Pin  8  =  GND 


Pin  24  =  VCC 
Pin  12  =  GND 


HC4543 


BCD 
Inputs 


Decoder 

and 
Output 
Control 


D(MSBI-2-£>0 — 


Seven- 
Segmeni 
'  Display- 
Outputs 


Control 
Inputs 


(5 


Pin  )6  =  VCC 
Pin  8  =  GND 
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ANALOG  SWITCHES/MULTIPLEXERS/DEMULTIPLEXERS 


Number 
MCS4/MC74 

Function 

Functional 

f  #11  ikvral  Ant 
ctjuivaiaiu 

LSTTL 
Device 

04/  /* 

Functional 
Equivalent 
CMOS 
Device 
MC1XXXX 
or  CDXXXX 

Direct  Pin 
Compatibility 

Number  of 
Pins 

HC4016 
HC4051 
HC4052 
HC4063 
HC4066 

Quad  Analog  Switch/Multiplexer/Demultiplexer 
8-Channel  Analog  Multiplexer/ Demultiplexer 
Dual  4-Channel  Analog  Multiplexer/ Demultiplexer 
Triple  2-Channel  Analog  Multiplexer/ Demultiplexer 
Quad  Analog  Switch/ Multiplexer/ Demultiplexer 

4016,4066 

4051 

4052 

4053 
4066,4016 

CMOS 
CMOS 
CMOS 
CMOS 
CMOS 

14 
16 
16 
16 
14 

*HC4316 

♦  HC4351 
*HC4352 

★  HC4353 

Quad  Analog  Switch/Multiplexer/Demultiplexer  with 

Separate  Analog  and  Digital  Power  Supplies 
8-Channel  Analog  Multiplexer/ Demultiplexer  with 

Address  Latch 
Dual  4-Channel  Analog  Multiplexer/ Demultiplexer  with 

Address  Latch 
Triple  2-Channel  Analog  Multiplexer/Demultiplexer  with 

Address  Latch 

•4016 
•4051 
•4052 
*4053 

16 
20 
20 
20 

♦Suggested  alternative 

*  High-Speed  CMOS  design  only 
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Device 

MC 
4016 

MC 
4051 

HC 
4052 

HC 
4053 

4066 

»  Pins 

14 

16 

16 

16 

14 

Description 

4  Independently 
Controlled 
Switches 

A  3-Bit  Address 
Selects  One  of  8 
Switches 

A  2-Bit  Address 
Selects  One  of  4 
Switches 

A  3-Bit  Address 
Selects  Varying 
Combinations  of 
the  6  Switches 

4  Independently 
Controlled 
Switches 

Single  Device 
Dual  Device 
Triple  Device 
Quad  Device 

• 

• 

1-  to-1  Multiplexing 

2-  to-l  Multiplexing 
4-to-1  Multiplexing 
8-to-1  Multiplexing 

• 

• 



• 

• 

Active-High  ON/OFF  Control 

• 

• 

Common  Address  Inputs 

2-  Bit  Binary  Address 

3-  Bit  Binary  Address 

Address  Latch  with  Active-Low  Latch  Enable 

• 

• 

• 
• 

Common  Switch  Enable 
Active-Low  Enable 
Active-High  Enable 

• 

• 

• 

Separate  Analog  and  Control  Reference 
Power  Supplies 

• 

• 

• 

Switched  Tubs  (for  Rqn  and  pr°P-  DelaY 
Improvement) 

* 

HC  Devices  Have  CMOS-Compatible  Inputs. 


Device 

HC 
4316 

HC 
4351 

HC 
4352 

HC 
4353 

#  Pins 

16 

20 

20 

20 

Description 

4  Independently 
Controlled 
Switches 
(Has  a  Separate 
Analog  Lower 
Power  Supply) 

A  3-Bit  Address 
Selects  One  of  8 

Switches 
(Has  an  Address 
Latch) 

A  2-Bit  Address 
Selects  One  of  4 

Switches 
(Has  an  Address 
Latch) 

A  3- Bit  Address 
Selects  Varying 

Combinations  of 
the  6  Switches 

(Has  an  Address 
Latch) 

Single  Device 
Dual  Device 
Triple  Device 
Quad  Device 

• 

• 

• 

• 

1-  to-1  Multiplexing 

2-  to-1  Multiplexing 
4-to-1  Multiplexing 
8-to-1  Multiplexing 

■ 

• 

• 

Active-High  ON/OFF  Control 

• 

Common  Address  Inputs 

2-  Bit  Binary  Address 

3-  Bit  Binary  Address 

Address  Latch  with  Active-Low  Latch  Enable 

■ 
• 

• 
i 

• 

• 

• 
• 

Common  Switch  Enable 
Active-Low  Enable 
Active-High  Enable 

• 
• 

• 
• 

• 
• 

• 
• 

Separate  Analog  and  Control  Reference 
Power  Supplies 

• 

• 

• 

• 

Switched  Tubs  (for  Rqn  and  Prop.  Delay 
Improvement) 

••Implies  the  device  has  two  such  enables 
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ANALOG  SWITCHES/MULTIPLEXERS/DEMULTIPLEXERS  (Continued) 


HC4016 


0  MM  CONTROL  " 


11 

ANALOG 

OUT  PUTS 'INPUTS 


ANALOG  INPUTSIOUTPUTS  =  XA,  XB,  Xc.  Xn 
PIN  H  =  VCC 


HC4051 


PIN  16  =  VCC 
PIN  7  =  VEE 
PIN  8  =  GNO 


HC4052 


HC4053 


ANALOG 
INPUT  SI  OUTPUTS 


CHANNEL-SELECT 
INPUTS 


ANALOG 
INPUTS/ OUTPUTS 


COMMON 

OUTPUTSllNPUTS 


CHANNEL-SELECT 
INPUTS 


COMMON 

OUTPUTSllNPUTS 


N16  =  VCC 
N  7  =  VEE 
H  B  =  GND 


PIN  16  =  ¥CC 
PM  7  =  Vee 
PIN  8  =  GNO 

NOTE:  This  device  allows  independent  control  of  each  switch.  Channel- Select  Input 
A  controls  the  X  Switch,  Input  B  controls  the  V  Switch,  and  Input  C  controls 
the  Z  Switch. 


HC4066 


HC4316 


*A  ' 

A  ONIOFF  CONTROL  - 


ANALOG 

OUTPUTSllNPUTS 


B  ON/OFF  CONTROL  ■ 


H  ■ 

C  ONIOFF  CONTROL  - 


LEVEL 
TRANSLATOR 


ANALOG 
SWITCH 


<  TRANSLATOR 


ANALOG 
SWITCH 


LEVEL 
TRANSLATOR 


ANALOG 
SWITCH 


<  TRANSLATOR 


ANALOG 
SWITCH 


ANALOG 
OUTPUTSllNPUTS 


PIN  16  =  VCC 
PIN  8  =  GND 
PIN  9  =  VEE 
GND  <  VEE 


0  ONIOFF  CONTROL  - 

ANALOG  INPUTS/OUTPUTS  =  Xfl.  XB.  Xc.  XD 
PIN  M  =  VCC 


ANALOG  INPUTSIOUTPUTS  =  Xfl,  XB.  XC.  Xn 
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ANALOG  SWITCHES/MULTIPLEXERS/DEMULTIPLEXERS  (Continued) 


HC4351 


ANAL06 
INPUTSrCUJTPtJTS 


CHANNEL  Sil£CT 
INPUTS 


m  20  =  »Q(; 
m  9-VE£ 
PIN  10- END 
PINS  3.  14«NC 


HC4352 


CHANNEL 
LATCH 

 1 

OUTPUTS.INPLITS 


LATCH  ENABLE  - 
S«ITCHf»"l>Ul- 
""""s\lN*BLI  2- 


Pl«  20  =  VCC 

p»a-yH 

PIN  10  =GN0 
PUB  3.  14-NC 


HC4353 


ANALOG 

INPUTSIOUTPUTS 


8—  ADDRESS   

CJ2  LATCH   

in  i "  7 


7^: 


OUTPUTS!  INPUTS 


PW20-VCC 
PIN  9  =  V[E 
PW  10=GND 
PINS  3.  14  =  NC 


LATCH  I. 

SWITCH  f" 
ENABLES  |„ 

NOTE: 

This  device  allows  independent  control  of  each  switch.  Channel-Select 
Input  A  controls  the  X  Switch.  Input  B  controls  the  Y  Switch,  and 
Input  C  controls  the  2  Switch. 
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SHIFT  REGISTERS 


Device 
Number 
MC54/MC74 

Function 

Functional 
Equivalent 
LSTTL 
Device 
B4/74 

Functional 
Equivalent 
CMOS 
Device 
MC1XXXX 
or  CDXXXX 

Direct  Pin 
Compatibility 

Number  of 
Pins 

HC164 

8-Bit  Serial-lnput/Parallel-Output  Shift  Register 

LS164 

•4034 

LS 

14 

HC165 

8-Bit  Serial-  or  Parallel-Input/ Serial-Output  Shift  Register 

LS165 

•4021 

LS 

16 

HC194 

4-Bit  Bidirectional  Universal  Shift  Register 

LS194.LS194A 

4194 

LS/CMOS 

16 

HC195 

4-Bit  Universal  Shift  Register 

LS195,LS195A 

♦4036 

LS 

16 

HC299 

8-Bit  Bidirectional  Universal  Shift  Register  with  Parallel  I/O 

LS299 

LS 

20 

HC589 
HC595 
HC597 

8-Bit  Serial-  or  Parallel-lnput/Serial-Output  Shift  Register  with 
3-State  Output 

8-Bit  Serial-Input/ Serial-  or  Parallel-Output  Shift  Register  with 

Latched  3-State  Outputs 
8-Bit  Serial-  or  Parallel-lnput/Serial-Output  Shift  Register  with 

Input  Latch 

LS589 
LS595 
LS597 

•4034 

LS 

LS 
LS 

16 
16 
16 

•Suggested  alternative 

♦  Exclusive  High-Speed  CMOS  design 


HC  Devices  Have  CMOS-Compatible  Inputs. 


Device 

HC 

HC 

HC 

HC 

HC 

HC 

HC 

HC 

164 

165 

194 

195 

299 

589 

595 

597 

9  Pins 

14 

16 

16 

16 

20 

16 

16 

16 

4-Bit  Register 

• 

• 

8-Bit  Register 

• 

• 

• 

Serial  Data  Input 

• 

• 

• 

Parallel  Data  Inputs 

• 

• 

• 

• 

Serial  Output  Only 

• 

• 

Parallel  Outputs 

• 

• 

Inverting  Output 

Noninverting  Output 

• 

• 

• 

Serial  Shift/ Parallel  Load  Control 

• 

• 

• 

• 

Shifts  One  Direction  Only 

• 

• 

• 

Shifts  Both  Directions 

Positive-Transition  Clocking 
Active-High  Clock  Enable 

Input  Data  Enable 

• 

Data  Latch  with  Active-High  Latch  Clock 

• 

Output  Latch  with  Active-High  Latch  Clock 

• 

3-State  Outputs 

• 

• 

• 

Active-Low  Output  Enable 

• 

• 

Active- Low  Reset 

• 

• 

• 

• 

• 

• 
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SHIFT  REGISTERS  (Continued) 


HC164 


Parallel 

Data 

Outputs 


Pin  14  =  VCC 
Pm7  =  GND 


HC165 


Serial  Shift/ Parallel  Load 


HC194 


HC195 


Serial  Data 
Inputs 


Data 
Inputs 


j 

:< 

IB 

a* 

J 

M 

Qa 

5 

13 

Qc 

_6_ 

7 

12 

Od 

|C 

> 

11 

Qd 

Parallel 
Data 
Outputs 


Pin  16=VCc 
Pin8  =  GND 


HC299 


,  SA  u 

Serial  I  (SHIFT  RIGHT) 


Data  I 
Inputs  J 


sH 

(SHIFT  LEFT)  ■ 


(:: 

tOEl 
0E2 


-  Pa'Qa 
-Pb'Qb 

-  Pc'Oc 

-  Pd'Qd 
i  pE/aE 
-PF'Qf 

-  pg'°g 

-  ph'Qh 


HC589 

Serial  f 
Data  I  sA 
Input  I 


3-  State 
Parallel  Data  Port 
(Inputs/Outputs) 


Parallel 
Data 
Inputs 


Serial 
Data 
Output 


Input 
Latch 


Shift 
Register 


Ptn  20  =  Vqq 
P.n  10=GND 


Serial  Sh.lt/  13 
Parallel  Load 


Output  Enable  - 


Pin  16=VCC 
Pin  8  =  GND 


Serial 
Data 
Output 
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SHIFT  REGISTERS  (Continued) 


HC595 


Serial 
Data  ' 
Input 


Shift 
Register 


Shrft 
Clock 


10 


12 


Latch 

Clock 
Output  13 
Enable 


Pin  16  =  VCC 
Pin  8  =  GND 


Parallel 

Data 
Outputs 


}  Serial 
SQH  \  Data 
}  Output 


HC597 


Serial  f 
Daia  1  SA  - 
Input  I 


Parallel 
Data 


Inpui 

Latch 


Shift 
Register 


Shill  Clock  - 
Serial  Shift.' 


1  Serial 
—  Qh  I  Data 
)  Output 


Ptn  16=VCC 
Pin  8  =  GND 
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Device 
Number 
MC54/MC74 

Function 

Functional 
Equivalent 
LSTTL 
Device 
54/74 

Functional 
Equivalent 
CMOS 
Device 
MC1XXXX 
or  CDXXXX 

Direct  Pin 
Compatibility 

Number  of 
Pins 

HC160 
HC161 
HC162 
HC163 
HC390 

Presettable  BCD  Counter  with  Asynchronous  Reset 
Presettable  4-Bit  Binary  Counter  with  Asynchronous  Reset 
Presettable  BCD  Counter  with  Synchronous  Reset 
Presettable  4-Bit  Binary  Counter  with  Synchronous  Reset 
Dual  4-Stage  Binary  Ripple  Counter  with  +  2  and  5 
Sections 

LS160,LS160A 
LS161.LS161A 

LS163.LS163A 
LS390 

4160 
4161 

4163 

LS/CMOS 
LS/CMOS 

Lo/UIVtUo 

LS/CMOS 
LS 

16 
16 

ID 

16 
16 

HC393 
HC4017 
HC4020 
HC4024 
HC4040 

Dual  4-Stage  Binary  Ripple  Counter 
Decade  Counter 
14-Stage  Binary  Ripple  Counter 
7-Stage  Binary  Ripple  Counter 
12-Stage  Binary  Ripple  Counter 

LS393 

♦4520 
4017 
4020 
4024 
4040 

LS 
CMOS 
CMOS 
CMOS 
CMOS 

14 
16 
16 
14 
16 

HC4060 

14-Stage  Binary  Ripple  Counter  with  Oscillator 

4060 

CMOS 

16 

•Suggested  alternative 


HC  Devices  Have  CMOS-Compatible  Inputs. 


Device 

HC 
160 

HC 
161 

HC 
162 

HC 
163 

HC 
390 

HC 
393 

HC 
4017 

HC 
4020 

HC 
4024 

HC 
4040 

HC 
4060 

#  Pins 

16 

16 

16 

16 

16 

14 

16 

16 

14 

16 

16 

Single  Device 
Dual  Device 

• 

• 

• 

• 

• 

• 

• 

• 

Ripple  Counter 

Number  of  Ripple  Counter  Internal  Stages 
Number  of  Stages  with  Available  Outputs 

• 

4 
4 

• 

4 
4 

• 

14 
12 

• 

7 
7 

• 

12 
12 

• 

14 

10 

Count  Up 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

4-Bit  Binary  Counter 
BCD  Counter 
Decimal  Counter 

• 

• 

• 

• 

• 

• 

• 

Separate       2  Section 
Separate  -i-  5  Section 

• 
• 

On-Chip  Oscillator  Capability 

• 

Positive-Transition  Clocking 
Negative-Transition  Clocking 
Active-High  Clock  Enable 
Active-Low  Clock  Enable 

• 

• 

• 

• 

• 

• 

• 

• 
• 

• 

Active-High  Count  Enable 

Active-High  Reset 

• 

• 

• 

• 

• 

• 

• 

• 

• 

4-Bit  Binary  Preset  Data  Inputs 
BCD  Preset  Data  Inputs 
Active-Low  Load  Preset 

• 
• 

• 
• 

Carry  Output 

• 

• 

••implies  the  device  has  two  such  enables 
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COUNTERS  (Continued) 


HC160  HC162 
HC161  HC163 


HC390 


*2 

3.13 

>  Counter 

_LiL 


Pin  16  =  VCC 
P,n  S-GND 





HC393 


HC4017 


Binary 
Counler 


P.n  14  =  VCC 
Pin  7  =  GND 


Pin  16  =  VCC 
Pin  8  =  GND 


HC4020 


HC4024 


P,n  14.VCC 
Pin  7- GND 

Pins  8.  10  and  13=  No  Connection 


Pin  16-VCC 
Pin  8- GND 
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COUNTERS  (Continued) 


HC4040 


Pin  16-VCC 
Pin  8  =  GN0 


HC4060 


OscOull  OscOu!2 


iLli 


-  ~ 

-  k 


-O10 
-012 
-Q13 
-014 


Pin  16  =  Vcc 
Pin  8  =  GND 
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MISCELLANEOUS  DEVICES 


Device 
Number 
MC54/MC74 

Function 

Functional 
Equivalent 
LSTTL 
Device 
64/74 

Functional 
Equivalent 
CMOS 
Device 
MC1XXXX 
or  CDXXXX 

Direct  Pin 
Compatibility 

Number  of 
Pins 

HC85 

4-Bit  Magnitude  Comparator 

LS85 

*458S 

LS 

16 

HC280 

9-Bit  Odd/Even  Parity  Generator/ Checker 

LS280 

*4531 

LS 

14 

HC283 

4-Bit  Binary  Full  Adder  with  Fast  Carry 

LS283.LS83 

4008 

LS283 

16 

HC688 

8-Bit  Equality  Comparator 

LS688 

LS 

20 

HC4538 

Dual  Precision  Monostable  Multivibrator 

*LS423 

4538,4628 

CMOS 

16 

(Retriggerable,  Resettable) 

★  HC9000 

Programmable  Timer 

♦4536 

20 

*Suggested  alternative 

♦  Exclusive  High-Speed  CMOS  design 
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Cascading 


9-Bit 
Data- 
Wofd 
Inputs 


_5  Even  Parity!  Panly 

_§  Odd  Parity  J  Outputs 


Pin  14  =  Vcc 
Pin  7  =  GND 
Pin  3  =no 


HC283 


HC688 


Binary 
Addend 


Binary 
Met 
B 


5 

3 

14 

4 

12  

1 

J  

13 

 10_ 

2 

H  

11 

7 

 9_ 

Pin  16-Vcc 
Pin  8=  GND 

Carry  Out 


HC4638 


HC9000 


m'  «xi 


Trigger 
inputs 


Osc  Control  —  > 


Count  Control  — 


CX2 


-vcc 


Select 
Inpuis 


Pin  16-Vcc 

Pin  I,  Pin  8.  Pin  15  =  GND 
Hx  and  Cx  are  external 


Osc  Osc  Osc 
In    Out  lOul  2 

&     12  13 


1 13  1 12  [n 

MO     Ml  M2 


Pin  20  =  Vfx 
Pin  10=GND 

Pins  4.  !5  =  No  Connection 
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The  "Better"  Program 


3 
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The  "BETTER"  Program 


Motorola's  "BETTER"  program  was  developed  to  provide 
improved  levels  of  reliability  for  standard  commercial  products. 

The  "BETTER"  program  is  offered  on  High-Speed  CMOS 
in  dual-in-line  ceramic  and  plastic  packages,  as  well  as  in  SOIC 
packages. 

Motorola  standard  commercial  integrated  circuits  are  man- 
ufactured under  stringent  in-process  controls  and  quality  in- 
spections combined  with  the  industry's  finest  outgoing  quality 
inspections.  The  "BETTER"  program  offers  three  levels  of 
extra  processing,  each  tailored  to  meet  different  user  needs 
at  nominal  costs. 

LEVEL  I  -  SUFFIX  "S" 

In  addition  to  standard  processing,  "BETTER"  Level  I  prod- 
uct is  100%  subjected  to  temperature  cycling  (10  cycles, 
-  65°C  to  +  1 50°C)  and  also  receives  a  high  temperature  func- 
tional and  D.C.  parametric  test  at  the  maximum  rated 
temperature. 

LEVEL  II  -  SUFFIX  "D" 

"BETTER"  Level  II  product  is  standard  product  which  re- 
ceives static  burn-in  performed  according  to  MIL-STD-883B. 
A  2%  P.D.A.  (Percent  Defective  Allowed)  fallout  is  permis- 
sible; if  a  greater  fallout  occurs,  the  lot  is  sent  through  another 
burn-in  cycle.  The  second  P.D.A.  is  0.5%;  parts  failing  this 
criteria  are  considered  unmarketable. 


LEVEL  III  -  SUFFIX  "DS" 

Level  III  is  a  combination  of  "BETTER"  Levels  I  and  II. 
Although  Motorola  offers  temperature  cycling  in  its  "BETTER" 
Level  I  and  III  product,  reliability  studies  indicate  that  High- 
Speed  CMOS  routinely  passes  stresses  of  1000  cycles  (  -  65°C 
to  +150°C)  due  to  improvements  in  wafer  fabrication  and 
assembly  operations.  For  more  information  the  reader  is  re- 
ferred to  Chapter  6  "Reliability",  the  section  entitled  "Thermal 
Cycling". 


High  temperature  testing  can  also  be  considered  unneces- 
sary, for  the  25°C  test  limits  for  all  parametric  tests  are  guard- 
banded  to  insure  that  device  performance  at  the  maximum 
recommended  temperature  conforms  to  the  guaranteed  limits. 

High-Speed  CMOS  devices  screened  to  "BETTER"  Level  II 
are  recommended  for  highly  complex  circuit  boards  where 
board  rework  is  difficult  and  costly.  Burn-in  eliminates  the 
majority  of  infant  mortalities,  thus  increasing  the  degree  of 
board  confidence.  See  Chapter  6,  "Reliability"  for  more  in- 
formation on  the  overall  reliability  of  High-Speed  CMOS.  Spe- 
cifically, refer  to  the  section  entitled  "Life  Test"  for  information 
on  the  effects  of  burn-in  on  High-Speed  CMOS. 


PART  ORDERING 

The  Standard  Motorola  part  number  with  the  corresponding 
"BETTER"  suffix  can  be  ordered  from  your  local  authorized 
Motorola  distributor  or  Motorola  sales  offices.  "BETTER"  pric- 
ing will  be  quoted  as  an  adder  to  standard  commercial  product 
price. 


HOW  TO  ORDER 

MC74HC00      N  D 

Part  | 
Identification 

Standard 

Package   

Suffix 

"BETTER" 
Processing 

Level  I  =  Suffix  S   ' 

Level  II  =  Suffix  D 
Level  III  =  Suffix  DS 
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INTRODUCTION  HANDLING  PRECAUTIONS 


CMOS  devices  have  been  used  for  many  years  in  applica- 
tions where  the  primary  concerns  were  low  power  consump- 
tion, wide  power-supply  range,  and  high  noise  immunity. 
However,  metal-gate  CMOS  (MC14000  series)  is  too  slow  for 
many  applications.  Applications  requiring  high-speed  devices, 
such  as  microprocessor  memory  decoding,  had  to  go  to  the 
faster  families  such  as  LSTTL.  This  meant  sacrificing  the  best 
qualities  of  CMOS.  The  next  step  in  the  logic  evolution  was 
to  introduce  a  family  of  devices  that  were  fast  enough  for  such 
applications,  while  retaining  the  advantages  of  CMOS.  The 
results  of  this  change  can  be  seen  in  Table  1  where  HSCMOS 
devices  are  compared  to  standard  (metal-gate)  CMOS,  LSTTL, 
and  ALS. 

The  Motorola  CMOS  evolutionary  process  shown  in  Fig- 
ure 1  indicates  that  one  advantage  of  the  silicon-gate  process 
is  device  size.  The  High-Speed  CMOS  (HSCMOS)  device  is 
about  half  the  size  of  the  metal-gate  predecessor,  yielding 
significant  chip  area  savings.  The  silicon-gate  process  allows 
smaller  gate  or  channel  lengths  due  to  the  self-aligning  gate 
feature.  This  process  uses  the  gate  to  define  the  channel  during 
processing,  eliminating  registration  errors  and,  therefore,  the 
need  for  gate  overlaps.  The  elimination  of  the  gate  overlap 
significantly  lowers  the  gate  capacitance,  resulting  in  higher 
speed  capability.  The  smaller  gate  length  also  results  in  higher 
drive  capability  per  unit  gate  width,  ensuring  more  efficient 
use  of  chip  area.  Immunity  enhancements  to  electrostatic  dis- 
charge (ESDI  damage  and  latch  up  are  ongoing.  Precautions 
should  still  be  taken,  however,  to  guard  against  electrostatic 
discharge  and  latch  up. 

Motorola's  High-Speed  CMOS  family  has  a  broad  range  of 
functions  from  basic  gates,  flip-flops,  and  counters  to  bus- 
compatible  devices.  The  family  is  made  up  of  devices  that  are 
identical  in  pinout  and  are  functionally  equivalent  to  LSTTL 
devices,  as  well  as  the  most  popular  metal-gate  devices  not 
available  in  TTL.  Thus,  the  designer  has  an  excellent  alternative 
to  existing  families  without  having  to  become  familiar  with  a 
new  set  of  device  numbers. 


High-Speed  CMOS  devices,  like  all  MOS  devices,  have  an 
insulated  gate  that  is  subject  to  voltage  breakdown.  The  gate 
oxide  for  HSCMOS  devices  breaks  down  at  a  gate-source 
potential  of  about  100  volts.  All  device  inputs  are  protected 
by  a  resistor-diode  network  (Figure  2).  Using  the  test  setup 
shown  in  Figure  3,  the  inputs  typically  withstand  a  >2  kV 
discharge. 


SILICON  GATE 


CMOS 
INPUT 


-150  0 


VCC 

o 


n  "1 


O  

POLY 


-50  a 
AAA/- 


—  —  GNO 


•  TO  CIRCUIT 


Figure  2.  Input  Protection  Network 


HIGH  VOLTAGE  _ 
DC  SOURCE  — 


1.5  k!! 

O — WV  O   TO  INPUT 

I  UNDER  TEST 


=J=  100  pF  VZAP 
/  TV] 

</  o  o  c 


I 


°  OR 
GROUND 

Figure  3.  Electrostatic  Discharge  Test  Circuit 


METAL  GATE  CMOS 

META 

OXIDI 
XZU 


metal    v/i  n  n  r\>  -wi  n  nrv 

oxide    i  r~i      r~ii  i  r~i  r~i 

ED    v  n+  ;      v  ti+  j    rp+7    nr+7    v  p+  j      v  >+ 
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Figure  1.  CMOS  Evolution 
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General  Characteristics  (1)  (All  Maximum  Ratings) 


Characteristic 

Symbol 

TTL 

CMOS 

Unit 

LS 

ALS 

MC14000 

Hi-Speed 

Operating  Voltage  Range 

VCC/EE/DD 

5±5% 

5±5% 

3.0  to'  18 

2.0  to  6.0 

V 

Operating  Temperature  Range 

Ta 

0  to  +70 

Oto  +70 

-  40  to  +85 

-55  to  +125 

°C 

Input  Voltage  (limits) 

V|h  min 

2.0 

2.0 

3.S4 

3.54 

V 

V)|_  max 

0.8 

0.8 

1.54 

1.0* 

V 

Output  Voltage  (limits) 

Vqh  min 

2.7 

2.7 

Vdd-0.05 

Vcc-0.1 

V 

vql  max 

0.5 

0.5 

0.05 

0.1 

V 

Input  Current 

'inh 

20 

20 

±03 

±  1.0 

«A 

'INL 

-400 

-200 

Output  Current  @  V(j  (limit) 
unless  otherwise  specified 

lOH 

-0.4 

-0.4 

-2.1  @2.5V 

-4.0  @ 
VCC-0.8V 

mA 

lOL 

8.0 

8.0 

0.44  @  0.4  V 

4.0  @0.4V 

mA 

DC  Noise  Margin  Low/High 

DCM 

0.3/0.7 

0.3/0.7 

1.454 

0.90/1. 354 

V 

DC  Fanout 

20 

20 

>5«1)2 

50(10)2 

Speed/Power  Characteristics  (1)  (All  Typical  Ratings) 


Characteristic 

Symbol 

TTL 

CMOS 

Unit 

LS 

ALS 

MC14000 

Hi -Speed 

Quiescent  Supply  Current/Gate 

lG 

0.4 

0.2 

0.0001 

0.0005 

mA 

Power/Gate  (Quiescent) 

PG 

2.0 

1.0 

0.0006 

0.001 

mW 

Propagation  Delay 

«P 

9.0 

7.0 

125 

8.0 

ns 

Speed  Power  Product 

18 

7.0 

0.075 

0.01 

pj 

Clock  Frequency  (D-F/F) 

'max 

33 

35 

4.0 

40 

MHz 

Clock  Frequency  (Counter) 

'max 

40 

45 

5.0 

40 

MHz 

Propagation  Delay  (1) 

Characteristic 

TTL 

CMOS 

Unit 

LS 

ALS 

MC14000 

Hi-Speed 

Gate,  NOR  or  NAND: 

Product  No. 

SN74LS00 

SN74ALS00 

MC14001B 

74HC00 

tPLH/tPHL(5) 

Typical 

(10)3 

(5)3 

25 

(8)3  10 

ns 

Maximum 

(15)3 

10 

250 

(15)3  20 

Flip-Flop,  D-type: 

Product  No. 

SN74LS74 

SN74ALS74 

MC14013B 

74HC74 

tPLH/tPHL<5)  (Clock  to  Q) 

Typical 

(25)3 

(12)3 

175 

(23)2  25 

ns 

Maximum 

(40)3 

20 

350 

(30)3  32 

Counter: 

Product  No. 

SN74LS163 

SN74ALS163 

MC14163B 

74HC163 

tPLH/tpHL(5)  (Clock  to  Q) 

Typical 

(18)3 

(10)3 

350 

(20)3  22 

ns 

Maximum 

(27)3 

24 

700 

(27)3  29 

NOTES: 


1.  Specifications  are  shown  for  the  following  conditions: 

a)  Vpp  (CMOS)  =  5.0  V  ±  10%  for  dc  tests,  5.0  V  for  ac  tests;  Vcc  (TTL)  =  5.0  V  ±  5%  for  dc  tests,  5.0  V  for  ac  tests 

b)  Basic  Gates:  LS00  or  equivalent 

c)  TA  =  25°C 

d)  Cl  =  50  pF  (ALS,  HC),  15  pF  (LS,  14O00  and  Hi-Speed) 

e)  Commercial  grade  product 

2.  (    )  fanout  to  LSTTL 

3.  (    )  CL=15  pF 

4.  DC  input  voltage  specifications  are  proportional  to  supply  voltage  over  operating  range. 

5.  The  number  specified  is  the  larger  of  tpLH  and  tpuL  for  each  device. 
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The  input  protection  network  uses  a  polysilicon  resistor  in 
series  with  the  input  and  before  the  protection  diodes.  This 
series  resistor  slows  down  the  slew  rate  of  static  discharge 
spikes  to  allow  the  protection  diodes  time  to  turn  on.  Outputs 
have  a  similar  ESD  protection  network  except  for  the  series 
resistor.  Although  the  on-chip  protection  circuitry  guards 
against  ESD  damage,  additional  protection  may  be  necessary 
once  the  chip  is  placed  in  circuit.  Both  an  external  series  resistor 
and  ground  and  Vcc  diodes,  similar  to  the  input  protection 
structure,  are  recommended  if  there  is  a  potential  of  ESD, 
voltage  transients,  etc.  Several  monolithic  diode  arrays  are 
available  from  Motorola,  such  as  the  MAD130  (dual  10  diode 
array)  or  the  MAD1104  (dual  8  diode  array).  These  diodes,  in 
chip  form,  not  only  provide  the  necessary  protection,  but  also 
save  board  space  as  opposed  to  using  discrete  diodes. 

Static  damaged  devices  behave  in  various  ways,  depending 
on  the  severity  of  the  damage.  The  most  severely  damaged 
pins  are  the  easiest  to  detect.  An  ESD-damaged  pin  that  has 
been  completely  destroyed  may  exhibit  a  low-impedance  path 
to  Vcc  or  GND.  Another  common  failure  mode  is  a  fused  or 
open  circuit.  The  effect  of  both  failure  modes  is  that  the  device 
no  longer  properly  responds  to  input  signals.  Less  severe  cases 
are  more  difficult  to  detect  because  they  show  up  as  inter- 
mittent failures  or  as  degraded  performance.  Generally, 
another  effect  of  static  damage  is  increased  chip  leakage  cur- 
rents dec'- 

Although  the  input  network  does  offer  significant  protec- 
tion, these  devices  are  not  immune  to  large  static  voltage 
discharges  that  can  be  generated  while  handling.  For  example, 
static  voltages  generated  by  a  person  walking  across  a  waxed 
floor  have  been  measured  in  the  4  to  15  kV  range  (depending 


on  humidity,  surface  conditions,  etc.).  Therefore,  the  following 
precautions  should  be  observed. 

1.  Wrist  straps  and  equipment  logs  should  be  maintained 
and  audited  on  a  regular  basis.  Wrist  straps  malfunction 
and  may  go  unnoticed.  Also,  equipment  gets  moved  from 
time  to  time  and  grounds  may  not  be  reconnected 
properly. 

2.  Do  not  exceed  the  Maximum  Ratings  specified  by  the  data 
sheet. 

3.  All  unused  device  inputs  should  be  connected  to  Vcc  or 
GND. 

4.  All  low  impedance  equipment  (pulse  generators,  etc.) 
should  be  connected  to  CMOS  inputs  only  after  the  CMOS 
device  is  powered  up.  Similarly,  this  type  of  equipment 
should  be  disconnected  before  power  is  turned  off. 

5.  Circuit  boards  containing  CMOS  devices  are  merely  ex- 
tensions of  the  devices,  and  the  same  handling  precautions 
apply.  Contacting  edge  connectors  wired  directly  to  device 
inputs  can  cause  damage.  Plastic  wrapping  should  be 
avoided.  When  external  connectors  to  a  PC  board  are 
connected  to  an  input  or  output  of  a  CMOS  device,  a 
resistor  should  be  used  in  series  with  the  input  or  output. 
This  resistor  helps  limit  accidental  damage  if  the  PC  board 
is  removed  and  brought  into  contact  with  static  generating 
materials.  The  limiting  factor  for  the  series  resistor  is  the 
added  delay.  The  delay  is  caused  by  the  time  constant 
formed  by  the  series  resistor  and  input  capacitance.  Note 
that  the  maximum  input  rise  and  fall  times  should  not  be 
exceeded.  In  Figure  4,  two  possible  networks  are  shown 
using  a  series  resistor  to  reduce  ESD  damage.  For  con- 
venience, an  equation  is  given  for  added  propagation  delay 
and  rise  time  effects  due  to  series  resistance  size. 


CMOS 

TO  OFF-BOARD 

El 
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CONNECTION 

OR 
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Advantage:     Requires  minimal  board  area 

Disadvantage:  R1>R2  for  the  same  level  of 
protection;  therefore,  rise  and 
fall  times,  propagation  delays, 
arfd  output  drives  are  severely 
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Advantage:  R2<R1  for  the  same  level  of 
protection.  Impact  on  ac  and  dc 
characteristics  is  minimized. 


Disadvantage: 


More  board  < 
cost. 


higher  initial 


NOTE:  These  networks  are  useful  for  protecting  the  following: 
A  digital  inputs  and  outputs      C  3-state  outputs 
B  analog  inputs  and  outputs      D  bidirectional  (I/O)  ports 


Propagation  Delay  and  Rise  Time  vs.  Series  Resistance 


R  =  the  maximum  allowable  series  resistance  in  ohms 
t  =  the  maximum  tolerable  propagation  delay  or  rise  time  in 
seconds 

C  =  the  board  capacitance  plus  the  driven  device's  input 

capacitance  in  farads 
k  =  0.7  for  propagation  delay  calculations 
k=2.3  for  rise  time  calculations 

Figure  4.  Networks  for  Minimizing  ESD  and  Reducing  CMOS  Latch  Up  Susceptibility 
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6.  All  CMOS  devices  should  be  stored  or  transported  in  ma- 
terials that  are  antistatic  or  conductive.  CMOS  devices 
must  not  be  inserted  into  conventional  plastic  "snow", 
styrofoam,  or  plastic  trays,  but  should  be  left  in  their 
original  container  until  ready  for  use. 

7.  All  CMOS  devices  should  be  placed  on  a  grounded  bench 
surface  and  operators  should  ground  themselves  prior  to 
handling  devices,  because  a  worker  can  be  statically 
charged  with  respect  to  the  bench  surface.  Wrist  straps 
in  contact  with  skin  are  essential  and  should  be  tested 
daily.  See  Figure  5  for  an  example  of  a  typical  work  station. 

8.  Nylon  or  other  static  generating  materials  should  not  come 
in  contact  with  CMOS  devices. 

9.  If  automatic  handlers  are  being  used,  high  levels  of  static 
electricity  may  be  generated  by  the  movement  of  the  de- 
vice, the  belts,  or  the  boards.  Reduce  static  buildup  by 
using  ionized  air  blowers,  anti-static  sprays,  and  room 
humidifiers.  All  conductive  parts  of  machines  which  come 
into  contact  with  the  top,  bottom,  or  sides  of  IC  packages 
must  be  grounded  to  earth  ground. 

10.  Cold  chambers  using  CO2  for  cooling  should  be  equipped 
with  baffles,  and  the  CMOS  devices  must  be  contained 
on  or  in  conductive  material. 

1 1 .  When  lead  straightening  or  hand  soldering  is  necessary, 
provide  ground  straps  for  the  apparatus  used  and  be  sure 
that  soldering  iron  tips  are  grounded. 

12.  The  following  steps  should  be  observed  during  wave  solder 
operations: 

a.  The  solder  pot  and  conductive  conveyor  system  of  the 
wave  soldering  machine  must  be  grounded  to  earth 
ground. 

b.  The  loading  and  unloading  work  benches  should  have 
conductive  tops  grounded  to  earth  ground. 

c.  Operators  must  comply  with  precautions  previously 
explained. 

d.  Completed  assemblies  should  be  placed  in  antistatic  or 
conductive  containers  prior  to  being  moved  to  sub- 
sequent stations. 

13.  The  following  steps  should  be  observed  during  board- 
cleaning  operations: 

a.  Vapor  degreasers  and  baskets  must  be  grounded  to 
earth  ground. 


b.  Brush  or  spray  cleaning  should  not  be  used. 

c.  Assemblies  should  be  placed  into  the  vapor  degreaser 
immediately  upon  removal  from  the  antistatic  or  con- 
ductive container. 

d.  Cleaned  assemblies  should  be  placed  in  antistatic  or 
conductive  containers  immediately  after  removal  from 
the  cleaning  basket. 

e.  High  velocity  air  movement  or  application  of  solvents 
and  coatings  should  be  employed  only  when  a  static 
eliminator  using  ionized  air  is  directed  at  the  printed 
circuit  board. 

14.  The  use  of  static  detection  meters  for  production  line 
surveillance  is  highly  recommended. 

15.  Equipment  specifications  should  alert  users  to  the  pres- 
ence of  CMOS  devices  and  require  familiarization  with  this 
specification  prior  to  performing  any  kind  of  maintenance 
or  replacement  of  devices  or  modules. 

16.  Do  not  insert  or  remove  CMOS  devices  from  test  sockets 
with  power  applied.  Check  all  power  supplies  to  be  used 
for  testing  devices  to  be  certain  there  are  no  voltage  tran- 
sients present. 

17.  Double  check  test  equipment  setup  for  proper  polarity  of 
Vcc  ar,d  GND  before  conducting  parametric  or  functional 
testing. 

18.  Do  not  recycle  shipping  rails.  Repeated  use  causes  de- 
terioration of  their  antistatic  coating.  Exception:  carbon 
rails  (black  color)  may  be  recycled  to  some  extent.  This 
type  of  rail  is  conductive  and  antistatic. 

RECOMMENDED  READING 

"Total  Control  of  the  Static  in  Your  Business" 
Available  by  writing  to: 

3M  Company 

Static  Control  Systems 

P.O.  Box  2963 

Austin,  Texas  78769-2963 
Or  by  calling: 

1-800-328-1368 

S.  Cherniak,  "A  Review  of  Transients  and  Their  Means  of 
Suppression",  Application  Note-843,  Motorola  Semiconduc- 
tor Products  Inc.,  1982. 


NOTES: 

1.  1/16  inch  conductive  sheet  stock  covering  bench-top 
work  area. 

2.  Ground  strap. 

3.  Wrist  strap  in  contact  with  skin. 

4.  Static  neutralizes  (Ionized  air  blower  directed  at  work.) 
Primarily  for  use  in  areas  where  direct  grounding  is 
impractical. 

5.  Room  humidifier.  Primarily  for  use  in  areas  where  the 
relative  humidity  is  less  than  45%.  Caution:  building 
heating  and  cooling  systems  usually  dry  the  air  causing 
the  relative  humidity  inside  a  building  to  be  less  than 
outside  humidity. 


Figure  5.  Typical  Manufacturing  Work  Station 
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POWER  SUPPLY  SIZING 

CMOS  devices  have  low  power  requirements  and  the  ability 
to  operate  over  a  wide  range  of  supply  voltages.  These  two 
characteristics  allow  CMOS  designs  to  be  implemented  using 
inexpensive  power  supplies  without  cooling  fans.  In  addition, 
batteries  may  be  used  as  either  a  primary  power  source  or  as 
a  backup. 

The  maximum  recommended  power  supply  voltage  for  HC 
devices  is  6.0  V  and  5.5  V  for  HCT  devices.  Figure  6  offers 
some  insight  as  to  how  this  specification  was  derived.  In  the 
figure,  Vg  is  the  maximum  power  supply  voltage  and  Is  is  the 
sustaining  current  for  the  latch-up  mode.  The  value  of  V$  was 
chosen  so  that  the  secondary  breakdown  effect  may  be 
avoided.  The  low-current  junction  avalanche  region  is  between 
10  and  14  volts  at  Ta  =  25°C 


"CC  l 

|  X 

LATCH 

/  SECONDARY 

UP  MODE 

/       /  BREAKDOWN 

Vr            |      LOW  CURRENT 

is 

|  JUNCTION 

^Jr*"  AVALANCHE 
|  ^  ^ 

vS  «cc 

DATA  SHEET  MAXIMUM  SUPPLY  RATING 

Figure  6.  Secondary  Breakdown  Characteristics 

In  an  ideal  system  design,  the  power  supply  should  be  de- 
signed to  deliver  only  enough  current  to  ensure  proper  op- 
eration of  all  devices.  The  obvious  benefit  of  this  type  of  design 
is  cost  savings. 


The  recommended  power  supply  voltages  should  be  ob- 
served. For  battery  backup  systems  such  as  the  one  in 
Figure  7,  the  battery  voltage  must  be  at  least  2.7  volts  (2 
volts  for  the  minimum  power  supply  voltage  and  0.7  volts 
to  account  for  the  voltage  drop  across  the  series  diode). 
Inputs  that  might  go  above  the  battery  backup  voltage 
should  use  the  HC4049  or  HC4050  buffers  (Figure  8).  If  line 
power  is  interrupted,  CMOS  System  A  and  Buffer  A  lose 
power.  However,  CMOS  System  B  and  Buffer  B  remain 
active  due  to  the  battery  backup.  Buffer  A  protects  System 
A  from  System  B  by  blocking  active  inputs  while  the  circuit 
is  not  powered  up.  Also,  if  the  power  supply  voltage  drops 
below  the  battery  voltage,  Buffer  A  acts  as  a  level  translator 
for  the  outputs  from  System  B.  Buffer  B  acts  to  protect 
System  B  from  any  overvoltages  which  might  exist.  Both 
buffers  may  be  replaced  with  current-limiting  resistors, 
however  power  consumption  is  increased  and  propagation 
delays  are  lengthened. 

Outputs  that  are  subject  to  voltage  levels  above  Vrjc  or 
below  GND  should  be  protected  with  a  series  resistor  and/ 
or  clamping  diodes  to  limit  the  current  to  an  acceptable 


POWER  SUPPLY 


BATTERY  TRICKLE 
RECHARGE 

— wv  


BATTERY  SYSTEMS 

HSCMOS  devices  can  be  used  with  battery  or  battery 
backup  systems.  A  few  precautions  should  be  taken  when 
designing  battery-operated  systems. 


Figure  7.  Battery  Backup  System 


POWER  SUPPLY 


Figure  8.  Battery  Backup  Interface 
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power-supply  voltage,  frequency  of  operation,  internal  ca- 
pacitance, and  load.  The  power  consumption  may  be  calcu- 
lated for  each  package  by  summing  the  quiescent  power 
consumption,  Icc^CC'  ar|d tne  switching  power  required  by 
each  device  within  the  package.  For  large  systems,  the  most 
timely  method  is  to  bread-board  the  circuit  and  measure  the 
current  required  under  a  variety  of  conditions. 

The  device  dynamic  power  requirements  can  be  calculated 
by  the  equation: 

PD  =  (CL  +  CPD)  vCc2f 

where:    Pd  =  power  dissipated  in  /Ml 

C|_=  total  load  capacitance  present  at  the  output  in 
pF 

Cpd=  a  measure  of  internal  capacitances,  called 

power  dissipation  capacitance,  given  in  pF 
Vcc  =  supply  voltage  in  volts 
f  =  frequency  in  MHz 

If  the  devices  are  tested  at  a  sufficiently  high  frequency,  the 
dc  supply  current  contributes  a  negligible  amount  to  the  overall 
power  consumption  and  can  therefore  be  ignored.  For  this 
reason,  the  power  consumption  is  measured  at  1  MHz  and  the 
following  formula  is  used  to  determine  the  device's  Cpp  value: 

ICC  (dynamic) 
Vcc-f 

The  resulting  power  dissipation  is  calculated  using  Cpo  as 
follows  under  no-load  conditions. 

IHCI      PD  =  CPDVcC2f  +  VCClCC 

(HCT)    PD  =  CpDVcc2f  +  VCClCC  +  ^CCVcC 
(61  +«2+-  ■  •  +«n) 

where  the  previously  undefined  variable,  5n  is  the  duty  cycle 
of  each  input  applied  at  TTL/NMOS  levels. 

The  power  dissipation  for  analog  switches  switching  digital 
signals  is  the  following: 

(HO      PD  =  CPDVCC2fin  +  (Cs  +  CJVcc^out  +  VcdCC 

where:    Cs  =  digital  switch  capacitance,  and 
f0ut=  output  frequency 

In  order  to  determine  the  Cpo  of  a  single  section  of  a  device 
(i.e.,  one  of  four  gates,  or  one  of  two  flip-flops  in  a  package!, 
Motorola  uses  the  following  procedures  as  defined  by  JEDEC. 


Data  Selectors/ 
Multiplexers: 


Note:  "biased"  as  used  below  means  "tied  to  Vcc  or  GND." 
Gates:  Switch  one  input  while  the  remaining  in- 

put(s)  are  biased  so  that  the  output(s) 

switch. 

Latches:  Switch  the  enable  and  data  inputs  such  that 

the  latch  toggles. 

Flip-Flops:  Switch  the  clock  pin  while  changing  the 

data  pin(s)  such  that  the  output(s)  change 
with  each  clock  cycle. 


Analog 
Switches: 


Counters: 

Shift 
Registers: 

Transceivers: 

Monostables: 

Parity 

Generators: 

Encoders: 

Display 

Drivers: 

ALUs/Adders: 


Switch  one  address  input  with  the  corre- 
sponding data  inputs  at  opposite  logic  levels 
so  that  the  output  switches. 
Switch  one  address/select  pin  which 
changes  two  switches.  The  switch  inputs/ 
outputs  should  be  left  open.  For  digital  ap- 
plications where  the  switch  inputs/outputs 
change  between  Vcc  and  GND,  the  re- 
spective switch  capacitance  should  be 
added  to  the  load  capacitance. 

Switch  the  clock  pin  with  the  other  inputs 
biased  so  that  the  device  counts. 

Switch  the  clock  while  alternating  the  input 
so  that  the  device  shifts  alternating  1s  and 
Os  through  the  register. 
Switch  only  one  data  input.  Place  trans- 
ceivers in  a  single  direction. 
The  pulse  obtained  with  a  resistor  and  no 
external  capacitor  is  repeatedly  switched. 
Switch  one  input. 

Switch  the  lowest  priority  output. 
Switch  one  input  so  that  approximately  one- 
half  of  the  outputs  change  state. 
Switch  the  least  significant  bit.  The  re- 
maining inputs  are  biased  so  that  the  device 
is  alternately  adding  0000  Ibinaryl  or  0001 
(binary)  to  1111  (binary). 


On  HSCMOS  data  sheets,  Cpo  is  a  typical  value  and  is 
given  either  for  the  package  or  for  the  individual  device  (i.e., 
gates,  flip-flops,  etc.)  within  the  package.  An  example  of  cal- 
culating the  package  power  requirement  is  given  using  the 
74HC00,  as  shown  in  Figure  9. 

From  the  data  sheet: 

ICC=  2  /"A  at  roorn  temperature  (per  package) 
Cpo  =  22  pF  per  gate 

PD=  (CpD  +  CLlVcc^  +  VcdCC 
PD1  =  (22  pF  +  50  pF)(5  V)2(1  kHz)  =  1.8MW 
PD2=(22pF  +  50pF)(5V)2(1  MHz)  =  1800^W 
PD3=  (22  pFK5  V)2(0  Hz)  =  0  iM 
PD4=  (22  pF)(5  V)2(0  Hz)  =  0  ySN 
Ppltotal)  =  VcdCC  +  pD1  +  PD2  +  ?D3  +  PD4 
=  10  /iW  +  1.8  (jW+1800  jiW  +  0  /iW 
=  1812  11W 
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VCC  =  5V 


  50  pF  Z=  1  


Figure  9.  Power  Consumption  Calculation  Example 


As  seen  by  this  example,  the  power  dissipated  by  CMOS 
devices  is  dependent  on  frequency.  When  operating  at  very 
high  frequencies,  HSCMOS  devices  can  consume  as  much 
power  as  LSTTL  devices,  as  shown  in  Figure  10.  The  power 
savings  of  HSCMOS  is  realized  when  used  in  a  system  where 
only  a  few  of  the  devices  are  actually  switching  at  the  system 
frequency.  The  power  consumption  savings  comes  from  the 
fact  that  for  CMOS,  only  the  devices  that  are  switching  con- 
sume significant  power. 


FREQUENCY  @  50%  DUTY  CYCL£  IHz) 


Figure  10.  Power  Consumption  vs.  Input  Frequency 
for  TTL,  LSTTL,  ALS,  and  HSCMOS 


INPUTS 

A  basic  knowledge  of  input  and  output  structures  is  essential 
to  the  HSCMOS  designer.  This  section  deals  with  the  various 
input  characteristics  and  application  rules  regarding  their  use. 
Output  characteristics  are  discussed  in  the  section  titled 
Outputs. 

All  standard  HC,  HCU  and  HCT  inputs,  while  in  the  rec- 
ommended operating  range  (GND<Vjn<Vccl.  can  De  mod- 
eled as  shown  in  Figure  11.  For  input  voltages  in  this  range, 
diodes  D1  and  02  are  modeled  as  resistors  representing  the 
high-impedance  of  reverse  biased  diodes.  The  maximum  input 
current  is  1  ^A,  worst  case  over  temperature,  when  the  inputs 
are  at  Vqc  °r  GND,  and  Vcc  =  6  V. 


R1  =  R2  =  HIGH  Z 

;  R1 

•  R2 

=j=IOpF 

Figure  11.  Input  Model  for  GND<Vjn<Vcc 

When  CMOS  inputs  are  left  open-circuited,  the  inputs  may 
be  biased  at  or  near  the  typical  CMOS  switchpoint  of 
0.45  Vqc  for  HC  devices  or  1.3  V  for  HCT  devices.  At  this 
switchpoint,  both  the  P-channel  and  the  N-channel  transistors 
are  conducting,  causing  excess  current  drain.  Due  to  the  high 
gain  of  the  buffered  devices  (see  Figure  12),  the  device  can 
go  into  oscillation  from  any  noise  in  the  system,  resulting  in 
even  higher  current  drain. 


— i 

HC 

>- 

=HC 

2  3 
Vin,  INPUT  VOLTAGE  (VI 


Figure  12.  Typical  Transfer  Characteristics 
for  Buffered  Devices 


For  these  reasons,  all  unused  HC/HCT  inputs  should  be 
connected  either  to  Vcc  or  GND.  For  applications  with  inputs 
going  to  edge  connectors,  a  100  kf!  resistor  to  GND  should 
be  used,  as  well  as  a  series  resistor  (Rg)  for  static  protection 
and  current  limiting  (see  Handling  Precautions,  this  chapter, 
for  series  resistor  consideration).  The  resistors  should  be  con- 
figured as  in  Figure  13. 


FROM 

EDGE  > 
CONNECTOR 


w\  


100  Mi 


HSCMOS 
DEVICE 


Figure  13.  External  Protection 
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For  inputs  outside  of  the  recommended  operating  range, 
the  CMOS  input  is  modeled  as  in  Figure  14.  The  enhanced 
resistor-diode  protection  network  allows  the  user  greater  free- 
dom when  designing  a  worst  case  system. 

Current  flows  through  diode  D1  or  D2  whenever  the  input 
voltage  exceeds  Vcc  or  drops  below  GND  enough  to  forward 
bias  either  D1  or  D2.  The  device  inputs  are  guaranteed  to 
withstand  from  GND  -1.5VtoVcc  +  1.5  V  and  a  maximum 
current  of  20  mA.  If  this  maximum  rating  is  exceeded,  the 
device  could  go  into  a  latch-up  condition  (see  CMOS  Latch 
Up  section).  Voltage  should  never  be  applied  to  any  input  or 
output  pin  before  power  has  been  applied  to  the  device's  power 
pins.  Bias  on  input  or  output  pins  should  be  removed  before 
removing  the  power.  However,  if  the  input  current  is  limited 
to  less  than  20  mA,  and  this  current  only  lasts  for  a  brief  period 
of  time  (<100  ms),  no  damage  to  the  device  occurs. 

Another  specification  that  should  be  noted  is  the  maximum 
input  rise  (tr)  and  fall  (tf)  times.  Figure  15  shows  the  results 
of  exceeding  the  maximum  rise  and  fall  times  recommended 
by  Motorola  or  contained  in  JEDEC  Standard  No.  7A.  The 
reason  for  the  oscillation  on  the  output  is  that  as  the  voltage 
passes  through  the  switching  threshold  region  with  a  slow  rise 
time,  any  noise  that  is  on  the  input  line  is  amplified,  and  is 
passed  through  to  the  output.  This  oscillation  may  have  a  low 
enough  frequency  to  cause  succeeding  stages  to  switch,  giving 
unexpected  results.  If  input  rise  or  fall  times  are  expected  to 
exceed  the  maximum  specified  rise  or  fall  times,  Schmitt- 
triggered  devices  such  as  Motorola's  HC14  and  HC132  are 
recommended. 

OUTPUTS 

All  HSCMOS  outputs,  with  the  exception  of  the  HCU04, 
are  buffered  to  ensure  consistent  output  voltage  and  current 


specifications  across  the  family.  All  buffered  outputs  have 
guaranteed  output  voltages  of  Vol=°1  v  and  VOH  = 
VCC -0-1  V  for  |lout|  <20  ( <20  HSCMOS  loads).  The 
output  drives  for  standard  drive  devices  are  such  that  54HC/ 
HCT  and  74HC/HCT  devices  can  drive  ten  LSTTL  loads  and 
maintain  a  Vol^O.4  V  and  Voh  ^  VCC~  0-8  v  across  the  full 
temperature  range;  bus-driver  devices  can  drive  fifteen  LSTTL 
loads  under  the  same  conditions. 

The  outputs  of  all  HSCMOS  devices  are  limited  to  externally 
forced  output  voltages  of  -0.5<Vout<Vcc  +  0-5  V.  For  ex- 
ternally forced  voltages  outside  this  range  a  latch  up  condition 
could  be  triggered.  (See  CMOS  Latch  Up  section.) 

The  maximum  rated  output  current  given  on  the  individual 
data  sheets  is  25  mA  for  standard  outputs  and  35  mA  for  bus 
drivers.  The  output  short  circuit  currents  of  these  devices 
typically  exceed  these  limits.  The  outputs  can,  however,  be 
shorted  for  short  periods  of  time  for  logic  testing,  if  the  max- 
imum package  power  dissipation  is  not  violated.  (See  individual 
data  sheets  for  maximum  power  dissipation  ratings.) 

For  applications  that  require  driving  high  capacitive  loads 
where  fast  propagation  delays  are  needed  (e.g.,  driving  power 
MOSFETs),  devices  within  the  same  package  may  be  paral- 
leled. Paralleling  devices  in  different  packages  may  result  in 
devices  switching  at  different  points  on  the  input  voltage  wave- 
form, creating  output  short  circuits  and  yielding  undesirable 
output  voltage  waveforms. 

As  a  design  aid,  output  characteristic  curves  are  given  for 
both  P-channel  source  and  N-channel  sink  currents.  The 
curves  given  include  expected  minimum  curves  for  Ta  =  25°, 
85°,  and  125°C,  as  well  as  typical  values  for  Ta  =  25°C.  For 
temperatures  <25°C,  use  the  25°C  curves.  These  curves. 
Figures  16  through  27,  are  intended  as  design  aids,  not  as 
guarantees.  Unused  output  pins  should  be  open-circuited 
(floating). 


Figure  14.  Input  Model  for  Vjn>Vcc  or  Vjn<GND 


Figure  15.  Maximum  Rise  Time  Violation 
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STANDARD  OUTPUT  CHARACTERISTICS 


N-CHANNEL  SINK  CURRENT 


P-CHANNEL  SOURCE  CURRENT 
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Tfl  =  25°C 

=— 1  

FKPFr.TFfl  WIN 

rA=25- 

125°C_ 

1  1 

0.5  1.0  1.5 

Vout,  OUTPUT  VOLTAGE  IV) 

Figure  16.  VGS  =  2.0V 
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I          I           I  I 

2.0  1.5  1.0  0.5 

Vou,.  OUTPUT  VOLTAGE  (V| 

Figure  17.  VGS=-2.0V 
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0       0.5      1.0      1.5      2.0      2.5      3.0      3.5      4.0  4.5 
Vout,  OUTPUT  VOLTAGE  (VI 


4.5    4.0      3.5      3.0      2.5      2.0      1.5       1.0      0.5  0.0 
Vout,  OUTPUT  VOLTAGE  IV) 


Figure  18.  VGs  =  4.5V 


Figure  19.  VGS=-4  5V 


*The  expected  minimum  curves  are  not  guarantees  but  are  design  aids. 
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N-CHANNEL  SINK  CURRENT 


P-CHANNEL  SOURCE  CURRENT 


TYPO 

L 

1 -  ^3"L 

EXPECT 

ED  MINI 

5-125°C 

HUM* 

TA  =  2 

1  1 

0.5  1.0  1.5 

Vout,  OUTPUT  VOLTAGE  (V> 

Figure  22.  VGS  =  2  0  V 
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Figure  23.  VGS=  -2.0  V 
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Figure  24.  VGS  =  4.5  V 
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Figure  25.  Vqs  =  V 


2.0  3.0  4.0 

Vout,  OUTPUT  VOLTAGE  (VI 

Figure  26.  VGS  =  6  0  V 


4.0  3.0 
Voul,  OUTPUT  VOLTAGE  IV) 

Figure  27.  VGS=  -6-0  V 


*The  expected  minimum  curves  are  not  guarantees,  but  are  design  aids. 
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3-STATE  OUTPUTS 

Some  HC/HCT  devices  have  outputs  that  can  be  placed 
into  a  high-impedance  state.  These  3-state  output  devices  are 
very  useful  for  gang  connecting  to  a  common  line  or  bus. 
When  enabled,  these  output  pins  can  be  considered  as  ordinary 
output  pins;  as  such,  all  specifications  and  precautions  of 
standard  output  pins  should  be  followed.  When  disabled  (high- 
impedance  state),  these  outputs  can  be  modeled  as  in  Fig- 
ure 28.  Output  leakage  current  (10  /iA  worst  case  over  tem- 
perature) as  well  as  3-state  output  capacitance  must  be  con- 
sidered in  any  bus  design. 

When  power  is  interrupted  to  a  3-state  device,  the  bus 
voltage  is  forced  to  between  GND  and  VCC  +0.7  V  regardless 
of  the  previous  output  state. 


dp  10  pF 


LOW  Z 


HIGH  Z 


R1  =R2  =  HIGH  Z 


INTERNAL  , 
CIRCUITRY  ' 


r 


■  OUTPUT 


^  R2  — ^ —  15  pF 


Figure  28.  Model  for  Disabled  Outputs 


OPEN-DRAIN  OUTPUTS 

Motorola  provides  several  devices  that  are  designed  only  to 
sink  current  to  GND.  These  open-drain  output  devices  are 
fabricated  using  only  an  N-channel  transistor  and  a  diode  to 
VCC  (Figure  29).  The  purpose  of  the  diode  is  to  provide  ESD 
protection.  Open-drain  outputs  can  be  modeled  as  shown  in 
Figure  30. 


OUTPUT 


Figure  30.  Model  of  Open-Drain  Output 


INPUT/OUTPUT  PINS 

Some  HC/HCT  devices  contain  pins  that  serve  both  as  in- 
puts and  outputs  of  digital  logic.  These  pins  are  referred  to  as 
digital  I/O  pins.  The  logic  level  applied  to  a  control  pin  de- 
termines whether  these  I/O  pins  are  selected  as  inputs  or 
outputs. 

When  I/O  pins  are  selected  as  outputs,  these  pins  may  be 
considered  as  standard  CMOS  outputs.  When  selected  as 
inputs,  except  for  an  increase  in  input  leakage  current  and 
input  capacitance,  these  pins  should  be  considered  as  standard 
CMOS  inputs.  These  increases  come  from  the  fact  that  a  digital 
I/O  pin  is  actually  a  combination  of  an  input  and  a  3-state 
output  tied  together  (see  Figure  31). 

As  stated  earlier,  all  HC/HCT  inputs  must  be  connected  to 
an  appropriate  logic  level.  This  could  pose  a  problem  if  an 
I/O  pin  is  selected  as  an  input  while  connected  to  an  improperly 
terminated  bus. 

Motorola  recommends  terminating  HC/HCT-type  buses 
with  resistors  to  Vqc  or  GND  of  between  1  kQ  to  1  MS)  in 
value.  The  choice  of  resistor  value  is  a  trade-off  between  speed 
and  power  consumption  (see  Bus  Termination,  this  chapter). 

Some  Motorola  devices  have  analog  I/O  pins.  These  analog 
I/O  pins  should  not  be  confused  with  digital  I/O  pins.  Analog 
I/O  pins  may  be  modeled  as  in  Figure  32.  These  devices  can 
be  used  to  pass  analog  signals,  as  well  as  digital  signals,  in 
the  same  manner  as  mechanical  switches. 


I/O  - 


4) 


INTERNAL 
CIRCUITRY 


Figure  29.  Open-Drain  Output 


Figure  31.  Typical  Digital  I/O  Pin 
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BUS 


—  GND  Ofl  VEE  —  GND  OR  VEE 

Figure  32.  Analog  I/O  Pin 


BUS  TERMINATION 

Because  buses  tend  to  operate  in  harsh,  noisy  environments, 
most  bus  lines  are  terminated  via  a  resistor  to  Vcc  or  ground. 
This  low  impedance  to  Vcc  or  ground  (depending  on  pref- 
erence of  a  pull-up  or  pull-down  logic  levell  reduces  bus  noise 
pickup.  In  certain  cases  a  bus  line  may  be  released  (put  in  a 
high-impedance  state)  by  disabling  all  the  3-state  bus  drivers 
(see  Figure  33).  In  this  condition  all  HC/HCT  inputs  on  the 
bus  would  be  allowed  to  float.  A  CMOS  input  or  I/O  pin  (when 
selected  as  an  input)  should  never  be  allowed  to  float.  (This 
is  one  reason  why  an  HCT  device  may  not  be  a  drop-in  re- 
placement of  an  LSTTL  device.)  A  floating  CMOS  input  can 
put  the  device  into  the  linear  region  of  operation.  In  this  region 
excessive  current  can  flow  and  the  possibility  of  logic  errors 
due  to  oscillation  may  occur  (see  Inputs,  this  chapter).  Note 
that  when  a  bus  is  properly  terminated  with  pull-up  resistors, 
HC  devices,  instead  of  HCT  devices,  can  be  driven  by  an 
NMOS  or  LSTTL  bus  driver.  HC  devices  are  preferred  over 
HCT  devices  in  bus  applications  because  of  their  higher  low- 
level  input  noise  margin.  (With  a  5  V  supply  the  typical  HC 
switch  point  is  2.3  V  while  the  switch  point  of  HCT  is  only 
1.3  V.) 

Some  popular  LSTTL  bus  termination  designs  may  not  work 
for  HSCMOS  devices.  The  outputs  of  HSCMOS  may  not  be 
able  to  drive  the  low  value  of  termination  used  by  some  buses. 
(This  is  another  reason  why  an  HCT  device  may  not  be  a  drop- 
in  replacement  for  an  LSTTL  device.)  However,  because  low 
power  operation  is  one  of  the  main  reasons  for  using  CMOS, 
an  optimized  CMOS  bus  termination  is  usually  advantageous. 


ENABLE  INPUT 

HIGH  =  3-STATE) 


ENABLE  INPUT  

(LOW  =  3-STATE) 

Figure  33.  Typical  Bus  Line  with  3-State  Bus  Drivers 


The  choice  of  termination  resistances  is  a  trade-off  between 
speed  and  power  consumption.  The  speed  of  the  bus  is  a 
function  of  the  RC  time  constant  of  the  termination  resistor 
and  the  parasitic  capacitance  associated  with  the  bus.  Power 
consumption  is  a  function  of  whether  a  pull-up  or  pull-down 
resistor  is  used  and  the  output  state  of  the  device  that  has 
control  of  the  bus  (see  Figure  34).  The  lower  the  termination 
resistor  the  faster  the  bus  operates,  but  more  power  is  con- 
sumed. A  large  value  resistor  wastes  less  power,  but  slows 
the  bus  down.  Motorola  recommends  a  termination  resistor 
value  between  1  kfi  and  1  MO.  An  alternative  to  a  passive 
resistor  termination  would  be  an  active-type  termination  (see 
Figure  35).  This  type  termination  holds  the  last  logic  level  on 
the  bus  until  a  driver  can  once  again  take  control  of  the  bus. 
An  active  termination  has  the  advantage  of  consuming  a  min- 
imal amount  of  power.  Most  HC/HCT  bus  drivers  do  not  have 
built-in  hysteresis.  Therefore,  heavily  loaded  buses  can  slow 
down  rise  and  fall  signals  and  exceed  the  input  rise/fall  time 
defined  in  JEDEC  Standard  No.  7A.  In  this  event,  devices  with 
Schmitt-triggered  inputs  should  be  used  to  condition  these 
slow  signals. 


BUS  — 


(a)  USING  A  PULL-UP  RESISTOR 


(bl  USING  A  PULL  DOWN  RESISTOR 


Figure  34 
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BUS  LINES  ENABLE 


Figure  35.  Using  Active  Termination  (HC125) 


TRANSMISSION  LINE  TERMINATION 

When  data  is  transmitted  over  long  distances,  the  line  on 
which  the  data  travels  can  be  considered  a  transmission  line. 
(Long  distance  is  relative  to  the  data  rate  being  transmitted.! 
Examples  of  transmission  lines  include  high-speed  buses,  long 
PCB  lines,  coaxial  and  ribbon  cables.  All  transmission  lines 
should  be  properly  terminated  into  a  low-impedance  termi- 
nation. A  low-impedance  termination  helps  eliminate  noise, 
ringing,  overshoot,  and  crosstalk  problems.  Also  a  low-imped- 
ance termination  reduces  signal  degradation  because  the  small 
values  of  parasitic  line  capacitance  and  inductance  have  lesser 
effect  on  a  low-impedance  line. 

The  value  of  the  termination  resistor  becomes  a  trade-off 
between  power  consumption,  data  rate  speeds,  and  trans- 
mission line  distance.  The  lower  the  resistor  value,  the  faster 
data  can  be  presented  to  the  receiving  device,  but  the  more 
power  the  resistor  consumes.  The  higher  the  resistor  value, 
the  longer  it  will  take  to  charge  and  discharge  the  transmission 
line  through  the  termination  resistor  (T  =  R«C!. 

Transmission  line  distance  becomes  more  critical  as  data 
rates  increase.  As  data  rates  increase,  incident  (and  reflective! 
waves  begin  to  resemble  that  of  RF  transmission  line  theory. 
However,  due  to  the  nonlinearity  of  CMOS  digital  logic,  con- 
ventional RF  transmission  theory  is  not  applicable. 

HC  devices  are  preferred  over  HCT  devices  due  to  the  fact 
that  HC  devices  have  higher  switch  points  than  HCT  devices. 
This  higher  switch  point  allows  HC  devices  to  achieve  better 
incident  wave  switching  on  lower  impedance  lines. 

HC/HCT  may  not  have  enough  drive  capability  to  interface 
with  some  of  the  more  popular  LSTTL  transmission  lines. 
(Possible  reason  why  an  HCT  device  may  not  be  a  drop-in 
replacement  of  an  equivalent  TTL  device.)  This  does  not  pose 
a  major  problem  since  having  larger  value  termination  resistors 
is  desirable  for  CMOS  type  transmission  lines. 

By  increasing  the  termination  resistance  value,  the  CMOS 
advantage  of  low  power  consumption  can  be  realized. 
Motorola  recommends  a  minimum  termination  resistor  value 
as  shown  in  Figure  36.  The  termination  resistor  should  be  as 
close  to  the  receiving  unit  as  possible.  Another  method  of 


terminating  the  line  driver,  as  well  as  the  receiving  unit,  is 
shown  in  Figure  37.  Note  that  the  resistor  values  in  Figure  37 
are  twice  the  resistor  value  of  Figure  36;  this  gives  a  net  equiv- 
alent termination  value  of  Figure  36.  Even  higher  values  of 
resistors  may  be  used  for  either  termination  method.  This 
reduces  power  consumption,  but  at  the  expense  of  speed  and 
possible  signal  degradation. 

Vcci 


HI 


HSCMOS 

HSCMOS 

(LINE  DRIVER) 

(RECEIVER) 

>  R1=1.5k(! 
-±r  R2  =  1.0kC 

Figure  36.  Termination  Resistors  at  the  Receiver 


HSCMOS 


Figure  37.  Termination  Resistors  at 
Both  the  Line  Driver  and  Receiver 

CMOS  LATCH  UP 

Typically,  HSCMOS  devices  do  not  latch  up  with  currents 
of  75  mA  forced  into  or  out  of  the  inputs  or  300  mA  for  the 
outputs  under  worst  case  conditions  iT/\  =  125°C  and  Vcc  = 
6  V).  Under  dc  conditions  for  the  inputs,  the  input  protection 
network  typically  fails,  due  to  grossly  exceeding  the  maximum 
input  voltage  rating  of  -1.5  to  Vcc  +  1-5  v  before  latch-up 
currents  are  reached.  For  most  designs,  latch  up  will  not  be 
a  problem,  but  the  designer  should  be  aware  of  it,  what  causes 
it,  and  how  it  can  be  prevented. 

Figure  38  shows  the  layout  of  a  typical  CMOS  inverter  and 
Figure  39  shows  the  parasitic  bipolar  devices  that  are  formed. 
The  circuit  formed  by  the  parasitic  transistors  and  resistors  is 
the  basic  configuration  of  a  silicon  controlled  rectifier,  or  SCR. 
In  the  latch-up  condition,  transistors  Q1  and  02  are  turned 
on,  each  providing  the  base  current  necessary  for  the  other 
to  remain  in  saturation,  thereby  latching  the  device  on.  Unlike 
a  conventional  SCR,  where  the  device  is  turned  on  by  applying 
a  voltage  to  the  base  of  the  NPN  transistor,  the  parasitic  SCR 
is  turned  on  by  applying  a  voltage  to  the  emitter  of  either 
transistor.  The  two  emitters  that  trigger  the  SCR  are  the  same 
point,  the  CMOS  output.  Therefore,  to  latch  up  the  CMOS 
device,  the  output  voltage  must  be  greater  than  Vcc  +  0-5  V 
or  less  than  -  0.5  V  and  have  sufficient  current  to  trigger  the 
SCR.  The  latch-up  mechanism  is  similar  for  the  inputs. 

Once  a  CMOS  device  is  latched  up,  if  the  supply  current  is 
not  limited,  the  device  can  be  destroyed  or  its  reliability  can 
be  degraded.  Ways  to  prevent  such  an  occurrence  are  listed 
below. 
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ronment  in  which  latch  up  is  a  potential  problem.  Also,  the 
ringing  due  to  inductance  of  long  transmission  lines  in  an 
industrial  setting  could  provide  enough  energy  to  latch  up 
CMOS  devices.  Opto-isolators,  such  as  Motorola's 
MOC3011,  are  recommended  to  reduce  chances  of  latch 
up.  See  the  Motorola  Semiconductor  Master  Selection 
Guide  for  a  complete  listing  of  Motorola  opto-isolators. 
Ensure  that  inputs  and  outputs  are  limited  to  the  maximum 
rated  values. 

-1.5<Vjn£Vcc+1-5  V  referenced  to  GND 
-0.5  sVout<Vcc  +  0-5  V  referenced  to  GND 
|ljn  <20  mA 
|lout|  <25  mA  for  standard  outputs 
|l0utl  ^35  mA  for  bus-driver  outputs 

If  voltage  transients  of  sufficient  energy  to  latch  up  the 
device  are  expected  on  the  inputs  or  outputs,  external  pro- 
tection diodes  can  be  used  to  clamp  the  voltage.  Another 


expected  worst  case  current  to  the  maximum  ratings  value. 
See  Handling  Precautions  for  other  possible  protection 
circuits  and  a  discussion  of  ESD  prevention. 

4.  Sequence  power  supplies  so  that  the  inputs  or  outputs  of 
HSCMOS  devices  are  not  active  before  the  supply  pins  are 
powered  up  (e.g.,  recessed  edge  connectors  and/or  series 
resistors  may  be  used  in  plug-in  board  applications). 

5.  Voltage  regulating  and  filtering  should  be  used  in  board 
design  and  layout  to  ensure  that  power  supply  lines  are  free 
of  excessive  noise. 

6.  Limit  the  available  power  supply  current  to  the  devices  that 
are  subject  to  latch-up  conditions.  This  can  be  accom- 
plished with  the  power-supply  filtering  network  or  with  a 
current-limiting  regulator. 

RECOMMENDED  READING 

Paul  Mannone,  "Careful  Design  Methods  Prevent  CMOS 
Latch-Up",  EDN,  January  26,  1984. 
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MAXIMUM  POWER  DISSIPATION 

The  maximum  power  dissipation  for  Motorola  HSCMOS 
packages  is  750  mW  for  both  ceramic  and  plastic  DIPs  and 
500  mW  for  SOIC  packages.  The  deratings  are  - 10  mW/°C 
from  65°C  for  plastic  DIPs,  -  10  mW/°C  from  100°C  for 
ceramic  packages,  and  -7  mW/°C  from  65°C  for  SOIC  pack- 
ages. This  is  illustrated  in  Figure  40. 


-40  0  40  80  120 


TA,  AMBIENT  TEMPERATURE  (°C) 

Figure  40.  Maximum  Package  Power 
Dissipation  versus  Temperature 


Worst-case  Iqc  occurs  at  Vcc  =  6-0  v-  Tne  value  of  ICC  at 
Vcc  =  6.0  V,  as  specified  in  the  data  sheets,  is  used  for  all 
power  supply  voltages  from  2  to  6  V. 

HCT  QUIESCENT  POWER  DISSIPATION 

Although  HCT  devices  belong  to  the  CMOS  family,  their 
input  voltage  specifications  are  identical  to  those  of  LSTTL. 
HCT  parts  can  therefore  be  either  judiciously  substituted  for 
or  mixed  with  LS  devices  in  a  system. 

TTL  output  voltages  are  Vol  =  0-4  V  (max)  and  Voh  =  2.4 
to  2.7  V  (min). 

Slightly  higher  Ice  current  exists  when  an  HCT  device  is 
driven  with  Vol  =  0.4  V  (max)  because  this  voltage  is  high 
enough  to  partially  turn  on  the  N-channel  transistor.  However, 
when  being  driven  with  a  TTL  Voh*  HCT  devices  exhibit  large 
additional  current  flow  (Alec' as  specified  on  HCT  device  data 
sheets.  Alec  current  is  caused  by  the  off-rail  input  voltage 
turning  on  both  the  P  and  N  channels  of  the  input  buffer.  This 
condition  offers  a  relatively  low  impedance  path  from  Vcc  '° 
GND.  Therefore,  the  HCT  quiescent  power  dissipation  is  de- 
pendent on  the  number  of  inputs  applied  at  the  TTL  V|h  logic 
voltage  level. 

The  equation  for  HCT  quiescent  power  dissipation  is  given 
by: 

PD  =  !CCVCC  +  >!AICCVCC 
where  7j  =  the  number  of  inputs  at  the  TTL  V|h  level. 


Internal  heat  generation  in  HSCMOS  devices  comes  from 
two  sources,  namely,  the  quiescent  power  and  dynamic  power 
consumption. 

In  the  quiescent  state,  either  the  P-channel  or  N-channel 
transistor  in  each  complementary  pair  is  off  except  for  small 
source-to-drain  leakage  due  to  the  inputs  being  either  at  Vcc 
or  ground.  Also,  there  are  the  small  leakage  currents  flowing 
in  the  reverse-biased  input  protection  diodes  and  the  parasitic 
diodes  on  the  chip.  The  specification  which  takes  all  leakage 
into  account  is  called  Maximum  Quiescent  Supply  Current  (per 
package),  or  Iqq,  and  is  shown  on  ail  data  sheets. 

The  three  factors  which  directly  affect  the  value  of  quiescent 
power  dissipation  are  supply  voltage,  device  complexity,  and 
temperature.  On  the  data  sheets.  Ice  is  specified  only  at 
Vcc  =  6.0  v  because  this  is  the  worst-case  supply  voltage 
condition.  Also,  larger  or  more  complex  devices  consume  more 
quiescent  power  because  these  devices  contain  a  proportion- 
ally greater  reverse-biased  diode  junction  area  and  more  off 
(leaky)  FETs. 

Finally,  as  can  be  seen  from  the  data  sheets,  temperature 
increases  cause  Ice  increases.  This  is  because  at  higher  tem- 
peratures, leakage  currents  increase. 

HC  QUIESCENT  POWER  DISSIPATION 

When  HC  device  inputs  are  virtually  at  Vcc  or  GND  potential 
(as  in  a  totally  CMOS  system),  quiescent  power  dissipation  is 
minimized.  The  equation  for  HC  quiescent  power  dissipation 
is  given  by: 

PD=vcdcc 


HC  AND  HCT  DYNAMIC  POWER  DISSIPATION 

Dynamic  power  dissipation  is  calculated  in  the  same  way 
for  both  HC  and  HCT  devices.  The  three  major  factors  which 
directly  affect  the  magnitude  of  dynamic  power  dissipation  are 
load  capacitance,  internal  capacitance,  and  switching  transient 
currents. 

The  dynamic  power  dissipation  due  to  capacitive  loads  is 
given  by  the  following  equation: 

PD  =  CLVCC2f 

where  Pp  =  power  in  /iW,  Cl  =  capacitive  load  in  pF, 
Vcc  =  supply  voltage  in  volts,  and  f  =  output  frequency  driving 
the  load  capacitor  in  MHz. 

All  CMOS  devices  have  internal  parasitic  capacitances  that 
have  the  same  effect  as  external  load  capacitors.  The  mag- 
nitude of  this  internal  no-load  power  dissipation  capacitance, 
Cpo.  is  specified  as  a  typical  value. 

Finally,  switching  transient  currents  affect  the  dynamic 
power  dissipation.  As  each  gate  switches,  there  is  a  short 
period  of  time  in  which  both  N-  and  P-channel  transistors  are 
partially  on,  creating  a  low-impedance  path  from  Vcc  t0 
ground.  As  switching  frequency  increases,  the  power  dissi- 
pation due  to  this  effect  also  increases. 

The  dynamic  power  dissipation  due  to  Cpp  and  switching 
transient  currents  is  given  by  the  following  equation: 

PD  =  CpDVcC2f 
Therefore,  the  total  dynamic  power  dissipation  is  given  by: 

PD  =  (CL  +  CpD)VCc2f 
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Total  power  dissipation  for  HC  and  HCT  devices  is  merely 
a  summation  of  the  dynamic  and  quiescent  power  dissipation 
elements.  When  being  driven  by  CMOS  logic  voltage  levels 
(rail  to  rail),  the  total  power  dissipation  for  both  HC  and  HCT 
devices  is  given  by  the  equation: 


PD  =  VcdCC  +  ICL  +  CpolVcC2' 


When  being  driven  by  LSTTL  logic  voltage  levels,  the  total 
power  dissipation  for  HCT  devices  is  given  by  the  equation: 


PD  =  VCC'CC  +  VCC'i|CC(*.  +  *2  +  ■ 
+  (CL  +  CpD)VCC2f 


K5n) 


where  Sn  =  duty  cycle  of  LSTTL  output  applied  to  each  input 
of  an  HCT  device. 

CAPACITIVE  LOADING  EFFECTS 
ON  PROPAGATION  DELAY 

In  addition  to  temperature  and  power-supply  effects,  ca- 
pacitive  loading  effects  should  be  taken  into  account.  The 
additional  propagation  delay  may  be  calculated  if  the  short 
circuit  current  for  the  device  is  known.  Expected  minimum 
numbers  may  be  determined  from  Table  2. 

From  the  equation 


this  approximation  follows: 


At  = 


..  CAV 
At 

CAV 
I 


C(0.5  VCC) 
I 


At  = 


because  the  propagation  delay  is  measured  to  the  50%  point 
of  the  output  waveform  (typically  0.5  Vcc'- 


This  equation  gives  the  general  form  of  the  additional  prop- 
agation delay.  To  calculate  the  propagation  delay  of  a  device 
for  a  particular  load  capacitance,  C|_,  the  following  equation 
may  be  used. 

tPT  =  tp  +  0.5  Vcc  (Cl-50  pF)/los 

where    tp-y=  total  propagation  delay 

tp=  specified  propagation  delay  with  50  pF  load 
C|_=  actual  load  capacitance 
Irjs  =  short  circuit  current  (Table  2) 

An  example  is  given  here  for  tpHL  °* the  74HC00  driving  a 
150  pF  load. 

VCC  =  4.5  V 

tpHL  (50  pF)  =  18  ns 

CL=150  pF 

lOS  =  17-3  mA 

«PHL  (150  pF)  =  18  ns  +W-5H4.5  V)(150  pF-50  pF) 
17.3  mA 


=  18  ns+13  ns 


=  31  ns 

Another  example  for  C|_  =  0  pF  and  all  other  parameters  the 

samp 


tpHL(0pF)  =  18n,+  '0-6"4-BV|'°P^B0P':' 
17.3  mA 


=  18  ns  +  (-6.5  ns) 
tpHL=11-5  ns 

This  method  gives  the  expected  propagation  delay  and  is  in- 
tended as  a  design  aid,  not  as  a  guarantee. 


Table  2.  Expected  Minimum  Short  Circuit  Currents* 


Parameter 

vcc 

Standard  Drivers 

Bus  Drivers 

Unit 

25°C 

85°C 

125°C 

25°  C 

85°C 

125°C 

Output  Short  Circuit  Source  Current 

2.0 

1.89 

1.83 

1.80 

3.75 

3.64 

3.60 

mA 

4.5 

18.5 

15.0 

13.4 

37.0 

30.0 

26.6 

6.0 

35.2 

28.0 

24.6 

70.6 

56.1 

49.2 

Output  Short  Circuit  Sink  Current 

2.0 

1.55 

1.55 

1.55 

2.45 

2.45 

2.43 

mA 

4.5 

17.3 

14.0 

12.5 

27.2 

22.1 

19.6 

6.0 

33.4 

26.5 

23.2 

52.6 

41.7 

36.5 

*These  values  are  intended  as  design  aids,  not  as  guarantees. 
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TEMPERATURE  EFFECTS  ON 
DC  AND  AC  PARAMETERS 


SUPPLY  VOLTAGE  EFFECTS  ON  DRIVE 
CURRENT  AND  PROPAGATION  DELAY 


One  of  the  inherent  advantages  of  CMOS  devices  is  that 
characteristics  of  the  N-  and  P-channel  transistors,  such  as 
drive  current,  channel  resistance,  propagation  delay,  and  out- 
put transition  time,  track  each  other  over  a  wide  temperature 
range.  Figure  41  shows  the  temperature  relationships  for  these 
parameters.  To  illustrate  the  effects  of  temperature  on  noise 
margin,  Figure  42  shows  the  typical  transfer  characteristics  for 
devices  with  buffered  inputs  and  outputs.  Note  that  the  typical 
switch  point  is  at  45%  of  the  supply  voltage  and  is  minimally 
affected  by  temperature. 

The  graphs  in  this  section  are  intended  to  be  design  aids, 
not  guarantees. 
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Figure  41.  Characteristics  of  Drive  Current, 
Channel  Resistance,  and  AC  Parameters 
Over  Temperature 


The  transconductive  gain,  lout/Vin,  of  MOSFETs  is  pro- 
portional to  the  gate  voltage  minus  the  threshold  voltage, 
Vq-Vj.  The  gate  voltage  at  the  input  of  the  final  stage  of 
buffered  devices  is  approximately  the  power  supply  voltage, 
Vcc  or  GND.  Because  Vq  =  Vcc  or  GND,  the  output  drive 
current  is  proportional  to  the  supply  voltage.  Propagation  de- 
lays for  CMOS  devices  are  also  affected  by  the  power  supply 
voltage,  because  most  of  the  delay  is  due  to  charging  and 
discharging  internal  capacitances.  Rgures  43  and  44  show  the 
typical  variation  of  current  drive  and  propagation  delay,  nor- 
malized to  Vcc  =  4-5  V  for  2.0:<  Vcc^G.O  V.  These  curves 
may  be  used  with  the  tables  on  each  data  sheet  to  arrive  at 
parametric  values  over  the  voltage  range. 
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Figure  43.  Drive  Current  versus  Vqc 


6.0 


vcc- 

5Vdc 

TA-- 

55°C- 

-TA-1 

25°C 

i  1 

-Ta-2 

i°C 

— V|L 

-V|H 

i_ 

1.0  2.0  3.0  4.0 

Vin,  INPUT  VOLTAGE  IVI 

Figure  42.  Temperature  Effects  on  the  HC 
Transfer  Characteristics 
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Figure  44.  Propagation  Delay  versus  Vcc 
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The  switching  waveforms  shown  in  Figures  45  and  46  show 
the  current  spikes  introduced  to  the  power  supply  and  ground 
lines.  This  effect  is  shown  for  a  load  capacitance  of  less  than 
5  pF  and  for  50  pF.  For  ideal  power  supply  lines  with  no  series 
impedance,  the  spikes  would  pose  no  problem.  However, 
actual  power  supply  and  ground  lines  do  possess  series  imped- 
ance, giving  rise  to  noise  problems.  For  this  reason,  care  should 
be  taken  in  board  layouts,  ensuring  low  impedance  paths  to 
and  from  logic  devices. 

To  absorb  switching  spikes,  the  following  HSCMOS  devices 
should  be  bypassed  with  good  quality  0.022  /iF  to  0.1  fiF 
decoupling  capacitors: 

1 .  Bypass  every  device  driving  a  bus  with  all  outputs  switching 
simultaneously. 

2.  Bypass  all  synchronous  counters. 

3.  Bypass  devices  used  as  oscillator  elements. 

4.  Bypass  Schmitt-trigger  devices  with  slow  input  rise  and  fall 
times.  The  slower  the  rise  and  fall  time,  the  larger  the  bypass 
capacitor.  Lab  experimentation  is  suggested. 

Bypass  capacitors  should  be  distributed  over  the  circuit 
board.  In  addition,  boards  could  be  decoupled  with  a  1  /iF 
capacitor. 


BUFFERED  DEVICE:  INPUT  tr,  tf  <=500  ns,  CL<5  pF 
Figure  45.  Switching  Currents  for  Cl<5  pF 


BUFFERED  DEVICE:  INPUT  tr,  tf<500  ns,  CL=50  pF 
Figure  46.  Switching  Currents  for  C|_  =  50  pF 


HSCMOS  devices  have  a  wide  operating  voltage  range 
(Vcc  =  2to  6  V)  and  sufficient  current  drive  to  interface  with 
most  other  logic  families  available  today.  In  this  section,  var- 
ious interface  schemes  are  given  to  aid  the  designer  (see  Fig- 
ures 47  through  52).  The  various  types  of  CMOS  devices  with 
their  input/output  levels  and  comments  are  given  in  Table  3. 

Motorola  presently  has  available  several  CMOS  memories 
and  microprocessors  (see  Table  4)  which  are  designed  to  di- 
rectly interface  with  High-Speed  CMOS.  With  these  devices 
now  available,  the  designer  has  an  attractive  alternative  to 
LSTTL/NMOS,  and  a  total  HSCMOS  system  is  now  possible. 
(See  SG102,  CMOS  System  IC  Selection  Guide,  for  more 
information.) 

Device  designators  are  as  follows: 
HC  This  is  a  high-speed  CMOS  device  with  CMOS  input 
switching  levels  and  buffered  CMOS  outputs.  The  num- 
bering of  devices  with  this  designator  follows  the  LSTTL 
numbering  sequence.  These  devices  are  functional  and 
pinout  equivalents  of  LSTTL  devices  (e.g.,  HCOO, 
HC688,  etc.).  Exceptions  to  this  are  devices  that  are 
functional  and  pinout  equivalents  to  metal-gate  CMOS 
devices  (e.g.,  HC4002,  HC4538,  etc.). 
This  is  an  unbuffered  high-speed  CMOS  device  with  only 
one  stage  between  the  input  and  output.  Because  this 
is  an  unbuffered  device,  input  and  output  levels  may 
differ  from  buffered  devices.  At  present,  the  family  con- 
tains only  one  unbuffered  device,  the  HCU04. 
This  is  a  high-speed  CMOS  device  with  an  LSTTL-to- 
CMOS  input  buffer  stage.  These  devices  are  designed 
to  interface  with  LSTTL  outputs  operating  at 
Vcc  =  5  v  ±10%.  HCT  devices  have  fully  buffered 
CMOS  outputs  that  directly  drive  HSCMOS  or  LSTTL 
devices. 
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Figure  47.  HC  to  LSTTL  Interfacing 
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Figure  48.  LSTTL  to  HCT  Interfacing 
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Figure  43.  LSTTL  to  HC  Interfacing 
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*Vqh  must  be  greater  than  V|h  of  low  voltage  Device;  Vqd  =  3-18  V 
may  be  used  if  interfacing  to  14049UB/14050B. 

Figure  51.  High  Voltage  CMOS  to  HSCMOS 
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Figure  50.  LSTTL  to  Low-Voltage  HSCMOS 
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Figure  52.  Up/Down  Level  Shifting  Using 
the  MC14504B 


Table  3.  Interfacing  Guide 


Device 

Input  Level 

Output  Level 

Comments 

HCXXX 

CMOS 

CMOS 

LSTTL  Functional  and  Pinout  Equivalent  Devices 

HC4XXX 

CMOS 

CMOS 

CMOS  Functional  and  Pinout  Equivalent  Devices 

HCUXX 

CMOS 

CMOS 

Used  in  Linear  Applications 

HCTXXX 

TTL 

CMOS 

HSCMOS  Device  with  TTL-to-CMOS  Input  Buffering 

HC4049, 
HC4050 

-0.5<Vin<15  V 

CMOS 

High-to-Low  Level  Translators,  CMOS  Switching  Levels 

MC14049UB 
MC14O50B 

-0.5sVins18  V 

CMOS 

Metal-Gate  CMOS  High-to-Low  Level  Translators,  CMOS  Switching  Levels 

MC14504B 

CMOS  or  TTL 

CMOS 

Metal-Gate  CMOS  High-to-Low  or  Low-to-High  Level  Translator 

Table  4.  CMOS  Memories  and  Microprocessors 


CMOS  Memories 

CMOS  Microprocessors 

MCM6147 

MC68HC01 

MC146805G2 

RECOMMENDED  READING 

MCM61L47 

MC68HC03 

MC146805H2 

MCM68HC34 

MC68HC11A8 

MC1468706F2 

S.  Craig,  "Using  High-Speed  CMOS  Logic  for  Microprocessor 

MC68HC11D4 

MC1468705G2 

Interfacing",  Application  Note-868,  Motorola  Semiconductor 

MC68HC811A2 

MC68HC05C4 

Products  Inc.,  1982. 

MC68HC811D4 

MC68HSC05C4 

MC68HC04P3 

MC68HC05C8 

MC146805E2 

MC68HC805C4 

MC146805F2 

MC68HC000 
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TYPICAL  PARAMETRIC  VALUES 

Given  a  fixed  voltage  and  temperature,  the  electrical  char- 
acteristics of  High-Speed  CMOS  devices  depend  primarily  on 
design,  layout,  and  processing  variations  inherent  in  semi- 
conductor fabrication. 

A  preliminary  evaluation  of  each  device  type  essentially  guar- 
antees that  the  design  and  layout  of  the  device  conforms  to 
the  criteria  and  standards  set  forth  in  the  design  goals.  With 
very  few  exceptions,  device  electrical  parameters,  once  es- 
tablished, do  not  vary  due  to  design  and  layout. 

Of  much  more  concern  is  processing  variation.  A  digital 
processing  line  is  allowed  to  deviate  over  a  fairly  broad  pro- 
cessing range.  This  allows  the  manufacturer  to  incur  reduced 
processing  costs.  These  reduced  processing  costs  are  passed 
on  to  the  consumer  in  the  form  of  lower  device  prices. 

Processing  variation  is  the  range  from  worst  case  to  best 
case  processing  and  is  defined  as  the  process  window.  This 
window  is  established  with  the  aid  of  statistical  process  control 
(SPC).  With  SPC,  when  a  processing  parameter  approaches 
the  process  window  limit,  that  parameter  is  adjusted  toward 
the  middle  of  the  window.  This  keeps  process  variations  within 
a  predetermined  tolerance. 

Motorola  characterizes  each  device  type  over  this  process 
window.  Each  device  type  is  characterized  by  allowing  ex- 
perimental lots  to  be  processed  using  worst  case  and  best  case 
processing.  The  worst  case  processed  lots  usually  determine 
the  minimum  or  maximum  guaranteed  limit.  (Whether  the  limit 
is  a  guaranteed  minimum  or  maximum  depends  on  the  par- 
ticular parameter  being  measured.  I 

In  production,  these  limits  are  guaranteed  by  probe  and  final 
test  and  therefore  appear  independent  of  process  variation  to 
the  end  user.  However,  this  does  not  hold  true  for  the  mean 
value  of  the  total  devices  processed.  The  mean  value,  com- 
monly referred  to  as  a  typical  value,  shifts  over  processing  and 
therefore  varies  from  lot  to  lot  or  even  wafer  to  wafer  within 
a  lot. 

As  with  all  processing  or  manufacturing,  the  total  devices 
being  produced  fit  the  normal  distribution  or  bell  curve  of 
Figure  53.  In  order  to  guarantee  a  valid  typical  value,  a  typical 
number  plus  a  tolerance,  would  have  to  be  specified  and  tested 
(see  Figure  54).  However,  this  would  greatly  increase  pro- 
cessing costs  which  would  have  to  be  absorbed  by  the 
consumer. 


(al 


In  some  cases,  the  device's  actual  values  are  so  small  that 
the  resolution  of  the  automatic  test  equipment  determines  the 
guaranteed  limit.  An  example  of  this  is  quiescent  supply  current 
and  input  leakage  current. 

Most  manufacturers  provide  typical  numbers  by  one  of  two 
methods.  The  first  method  is  to  simply  double  or  halve,  de- 
pending on  the  parameter,  the  guaranteed  limit  to  determine 
a  typical  number.  This  would  theoretically  put  all  processed 
lots  in  the  middle  of  the  process  window.  Another  approach 
to  typical  numbers  is  to  use  a  typical  value  that  is  derived  from 
the  aforementioned  experimental  lots.  However,  neither 
method  accurately  reflects  the  mean  value  of  devices  any  one 
consumer  can  expect  to  receive. 

Therefore,  the  use  of  typical  parametric  numbers  for  design 
purposes  does  not  constitute  sound  engineering  design  prac- 
tice. Worst  case  analysis  dictates  the  use  of  guaranteed  min- 
imum or  maximum  values.  The  only  possible  exception  would 
be  when  no  guaranteed  value  is  given.  In  this  case  a  typical 
value  may  be  used  as  a  ballpark  figure. 


MEAN  (TYPI 
VALUE 


Figure  53 


MOTOROLA  HIGH-SPEED  CMOS  LOGIC  DATA 

4-22 


REDUCTION  OF  ELECTROMAGNETIC 
INTERFERENCE  (EMI) 

Electromagnetic  interference  (EMI)  and  radio  frequency  in- 
terference (RFI)  are  phenomena  inherent  in  all  electrical  sys- 
tems covering  the  entire  frequency  spectrum.  Although  the 
characteristics  have  been  well  documented,  EMI  remains  dif- 
ficult to  deal  with  due  to  numerous  variables.  EMI  should  be" 
considered  at  the  beginning  of  a  design,  and  taken  into  account 
during  all  stages,  including  production  and  beyond. 

These  entities  must  be  present  for  EMI  to  be  a  factor:  (Da 
source  of  EMI,  (2)  a  transmission  medium  for  EMI,  and  (3)  a 
receiver  of  EMI.  Several  sources  include  relays,  FM  transmit- 
ters, local  oscillators  in  receivers,  power  lines,  engine  ignitions, 
arc  welders,  and  lighting.  EMI  transmission  paths  include 
ground  connections,  cables,  and  the  space  between  conduc- 
tors. Some  receivers  of  EMI  are  radar  receivers,  computers, 
and  television  receivers. 

For  microprocessor  based  equipment,  the  source  of  emis- 
sions is  usually  a  current  loop  on  a  PC  board.  The  chips  and 
their  associated  loop  areas  also  function  as  receivers  of  EMI. 
The  fact  is  that  PC  boards  which  radiate  high  levels  of  EMI 
are  also  more  likely  to  act  as  receivers  of  EMI. 

All  logic  gates  are  potential  transmitters  and  receivers  of 
emissions.  Noise  immunity  and  noise  margin  are  two  criterion 
which  measure  a  gate's  immunity  to  noise  which  could  be 
caused  by  EMI.  CMOS  technology,  as  opposed  to  the  other 
commonly  used  logic  families,  offers  the  best  value  for  noise 
margin,  and  is  therefore  an  excellent  choice  when  considering 
EMI. 

The  electric  and  magnetic  fields  associated  with  ICs  are 
porportional  to  the  current  used,  the  current  loop  area,  and 
the  switching  transition  times.  CMOS  technology  is  preferred 
due  to  smaller  currents.  Also,  the  current  loop  area  can  be 
reduced  by  the  use  of  surface  mount  packages. 

In  a  system  where  several  pieces  of  equipment  are  connected 
by  cables,  at  least  five  coupling  paths  should  be  taken  into 
account  to  reduce  EMI.  They  are:  (1)  common  ground  imped- 
ance coupling  (a  common  impedance  is  shared  between  an 
EMI  source  and  receiver),  (2)  common-mode,  field-to-cable 
coupling  (electromagnetic  fields  enter  the  loop  found  by  two 
pieces  of  equipment,  the  cable  connecting  them,  and  the 
ground  plane),  (3)  differential-mode,  field-to-cable  coupling 
(electromagnetic  fields  enter  the  loop  formed  by  two  pieces 
of  equipment  and  the  cable  connecting  them),  (4)  crosstalk 
coupling  (signals  in  one  transmission  line  are  coupled  into 
another  transmission  line),  and  (5)  a  conductive  path  through 
power  lines. 

Shielding  is  a  means  of  reducing  EMI.  Some  of  the  more 
commonly  used  shields  against  EMI  and  RFI  contain  stainless 
steel  fiber-filled  polycarbonate,  aluminum  flake-filled  polycar- 
bonate/ABS  coated  with  nickel  and  copper  electrolysis  plating 
or  cathode  sputtering,  nickel  coated  graphite  fiber,  and  poly- 
ester SMC  with  carbon-fiber  veil.  Several  manufacturers  who 
make  conductive  compounds  and  additives  are  listed  below. 


SHIELDING  MANUFACTURERS 

General  Electric  Co.,  Plastics  Group,  Pittsfield,  MA 

Mobay  Chemical  Corp.,  Pittsburg,  PA 

Wilson-Fiberfil  International,  Evansville,  IN 

American  Cyanamid  Co.,  Wayne,  NJ 

Fillite  U.S.A.,  Inc.,  Huntington,  WV 

Transnet  Corp.,  Columbus,  OH 
Motorola  does  not  recommend,  or  in  any  way  warrant  the 
manufacturers  listed  here.  Additionally,  no  claim  is  made  that 
this  list  is  by  any  means  complete. 

RECOMMENDED  READING 

D.  White,  K.  Atkinson,  and  J.  Osburn,  "Taming  EMI  in  Mi- 
croprocessor Systems",  IEEE  Spectrum,  Vol.  22,  Number  12, 
Dec.  1985. 

D.  White  and  M.  Mardiguian,  EMI  Control  Methodology  and 
Procedures,  1985. 

H.  Denny,  Grounding  for  the  Control  of  EMI. 

M.  Mardiguian,  How  to  Control  Electrical  Noise. 

D.  White,  Shielding  Design  Methodology  and  Procedures. 

For  more  information  on  this  subject,  contact: 

Interference  Control  Technologies 

Don  White  Consultants,  Inc.,  Subsidiary 

State  Route  625 

P.O.  Box  D 

Gainesville,  VA  22065 


HYBRID  CIRCUIT  GUIDELINES 

High-Speed  CMOS  devices,  when  purchased  in  chip  (die) 
form,  are  useful  in  hybrid  circuits.  Most  high-speed  devices 
are  fabricated  with  P  wells  and  N  substrates.  Therefore,  the 
substrates  should  be  tied  to  Vcc  (  + supply). 

Several  devices  however,  are  fabricated  with  N  wells  and  P 
substrates.  In  this  case,  the  substrates  should  be  tied  to  GND. 
The  best  solution  to  alleviate  confusion  about  the  substrate  is 
the  use  of  nonconductive  or  insulative  substrates.  This  averts 
the  necessity  of  tying  the  substrate  off  to  either  Vcc  or  GND. 

For  more  information  on  hybrid  technology,  contact: 

International  Society  for  Hybrid  Microelectronics 
P.O.  Box  3255 
Montgomery,  AL  36109 
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Schmitt-trigger  devices  exhibit  the  effect  of  hysteresis.  Hys- 
teresis is  characterized  by  two  different  switching  threshold 
levels,  one  for  positive-going  input  transitions  and  the  other 
for  negative-going  input  transitions. 

Schmitt  triggers  offer  superior  noise  immunity  when  com- 
pared to  standard  gates  and  inverters.  Applications  for  Schmitt 
triggers  include  line  receivers,  sine  to  square  wave  converters, 
noise  filters,  and  oscillators.  Motorola  offers  six  versatile 
Schmitt-trigger  devices  in  the  High-Speed  CMOS  logic  family 
(see  Table  5) . 

The  typical  voltage  transfer  characteristics  of  a  standard 
CMOS  inverter  and  a  CMOS  Schmitt-trigger  inverter  are  com- 
pared in  Figures  55  and  56.  The  singular  transfer  threshold  of 
the  standard  inverter  is  replaced  by  two  distinct  thresholds  in 
a  Schmitt-trigger  inverter.  During  a  positive-going  transition 
of  Vjn,  the  output  begins  to  go  low  after  the  Vy  +  threshold 
is  reached.  During  a  negative-going  Vjn  transition,  Vout  begins 
to  go  high  after  the  Vj_  threshold  is  reached.  The  difference 
between  Vj+  and  Vj_  is  defined  as  Vh,  the  hysteresis 
voltage. 

As  a  direct  result  of  hysteresis,  Schmitt-trigger  circuits  pro- 
vide excellent  noise  immunity  and  the  ability  to  square  up 
signals  with  long  rise  and  fall  times.  Positive-going  input  noise 
excursions  must  rise  above  the  Vj+  threshold  before  they 
affect  the  output.  Similarly,  negative-going  input  noise  ex- 
cursions must  drop  below  the  Vj_  threshold  before  they 
affect  the  output. 

The  HC132  can  be  used  as  a  direct  replacement  for  the  HCOO 
NAND  gate,  which  does  not  have  Schmitt-trigger  capability. 
The  HC132  has  the  same  pin  assignment  as  the  HCOO.  Schmitt- 
trigger  logic  elements  act  as  standard  logic  elements  in  the 
absence  of  noise  or  slow  rise  and  fall  times,  making  direct 
substitution  possible. 

Versatility  and  low  cost  are  attractive  features  of  CMOS 
Schmitt  triggers.  With  six  Schmitt  triggers  per  HC14  package, 
one  trigger  can  be  used  for  a  noise  elimination  application 
while  the  other  five  function  as  standard  inverters.  Similarly, 
each  of  the  four  triggers  in  the  HC132  can  be  used  as  either 
Schmitt  triggers  or  NAND  gates  or  some  combination  of  both. 


Vout 


kk 


vcc 


Figure  56.  Schmitt-Trigger 
Inverter  Transfer  Characteristic 


Table  5.  Schmitt-Trigger  Devices 


HC14 

Hex  Schmitt-Trigger  Inverter 

HC132 

Quad2-lnput  NAND  Gate  with  Schmitt-Trigger 

Inputs 

HC9014 

Nine-Wide  Schmitt-Trigger  Inverter 

HC9015 

Nine-Wide  Schmitt-Trigger  Noninverting 

Buffer 

HC9114 

Nine-Wide  Schmitt-Trigger  Inverter  with  Open- 

Drain  Outputs 

HC9115 

Nine-Wide  Schmitt-Trigger  Noninverting 

Buffer  with  Open-Drain  Outputs 

Figure  55.  Standard  Inverter  Transfer  Characteristic 


HC  vs.  HCT 

Motorola's  High-Speed  CMOS  is  intended  to  give  the  de- 
signer an  alternative  to  LSTTL  HSCMOS,  with  the  faster 
speed  advantage  over  metal-gate  CMOS  (MC14000  series)  and 
the  lower  power  consumption  advantage  over  LSTTL,  is  an 
optimum  choice  for  new  midrange  designs.  With  the  advent 
of  high-speed  CMOS  microprocessors  and  memories,  the  abil- 
ity to  design  a  100%  CMOS  system  is  now  possible. 

HCT  devices  offer  a  short-term  solution  to  the  TTL/NMOS- 
to-CMOS  interface  problem.  To  achieve  this  interface  capa- 
bility, some  CMOS  advantages  had  to  be  compromised.  These 
compromises  include  power  consumption,  operating  voltage 
range,  and  noise  immunity. 

In  most  cases  HCT  devices  are  drop-in  replacements  of  TTL 
devices  with  significant  advantages  over  the  TTL  devices. 
However,  in  some  cases,  an  equivalent  HCT  device  may  not 
replace  a  TTL  device  without  some  form  of  circuit  modification. 

The  wise  designer  uses  HCT  devices  to  perform  logic  level 
conversions  only.  In  new  designs,  the  designer  wants  all  the 
advantages  of  a  true  CMOS  system  and  designs  using  only 
HC  devices. 
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OSCILLATOR  DESIGN  WITH  HIGH-SPEED  CMOS 

Oscillator  design  is  a  fundamental  requirement  of  many  sys- 
tems and  several  types  are  discussed  in  this  section.  In  general, 
an  oscillator  is  comprised  of  two  parts:  an  active  network  and 
a  feedback  network.  The  active  network  is  usually  in  the  form 
of  an  amplifier,  or  an  unbuffered  inverter,  such  as  the  HCU04. 
The  feedback  network  is  mainly  comprised  of  resistors,  ca- 
pacitors, and  depending  upon  the  application,  a  quartz  crystal 
or  ceramic  resonator. 

Buffered  inverters  are  never  recommended  in  oscillator  ap- 
plications due  to  their  high  gain  and  added  propagation  delay. 
For  this  reason  Motorola  manufactures  the  HCU04,  which  is 
an  unbuffered  hex  inverter. 

Oscillators  for  use  in  digital  systems  fall  into  two  general 
categories,  RC  oscillators  and  crystal  or  ceramic  resonator 
oscillators.  Crystal  oscillators  have  the  best  performance,  but 
are  more  costly,  especially  for  nonstandard  frequencies.  RC 
oscillators  are  more  useful  in  applications  where  stability  and 
accuracy  are  not  of  prime  importance.  Where  high  perfor- 
mance at  low  frequencies  is  desired,  ceramic  resonators  are 
sometimes  used. 

RC  OSCILLATORS 

The  circuit  in  Figure  57  shows  a  basic  RC  oscillator  using 
the  HCU04.  When  the  input  voltage  of  the  first  inverter  reaches 
the  threshold  voltage,  the  outputs  of  the  two  inverters  change 
state,  and  the  charging  current  of  the  capacitor  changes  di- 
rection. The  frequency  at  which  this  circuit  oscillates  depends 
upon  R1  and  C.  The  equation  to  calculate  these  component 
values  is  given  in  Figure  57. 

Certain  constraints  must  be  met  while  designing  this  type 
of  oscillator.  Stray  capacitance  and  inductance  must  be  kept 
to  a  minimum  by  placing  the  passive  components  as  close  to 
the  chip  as  possible.  Also,  at  higher  frequencies,  the  HCU04's 


1/6  HCUQ4 


2R1  <R2<10  R1 
CalOO  pF 
1  kfi  <R1  <  1  MB 

,osc  =  2.3  R1-C 


propagation  delay  becomes  a  dominant  effect  and  affects  the 
cycle  time.  A  polystyrene  capacitor  is  recommended  for  op- 
timum performance. 

CRYSTAL  OSCILLATORS 

Crystal  oscillators  provide  the  required  stability  and  accuracy 
which  is  necessary  in  many  applications.  The  crystal  can  be 
modeled  as  shown  in  Figure  58. 

The  power  dissipated  in  a  crystal  is  referred  to  as  the  drive 
level  and  is  specified  in  mW.  At  low  drive  levels,  the  resonant 
resistance  of  the  crystal  can  be  so  large  as  to  cause  start-up 
problems.  To  overcome  this  problem,  the  amplifier  (inverter) 
should  provide  enough  amplification,  but  not  too  much  as  to 
overdrive  the  crystal. 

Figure  59  shows  a  Pierce  crystal  oscillator  circuit,  which  is 
a  popular  configuration  with  CMOS. 
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Figure  57.  RC  Oscillator 


Figure  59.  Pierce  Crystal  Oscillator  Circuit 
Choosing  R1 

Power  is  dissipated  in  the  effective  series  resistance  of  the 
crystal.  The  drive  level  specified  by  the  crystal  manufacturer 
is  the  maximum  stress  that  a  crystal  can  withstand  without 
damage  or  excessive  shift  in  frequency.  R1  limits  the  drive 
level. 

To  verify  that  the  maximum  dc  supply  voltage  does  not 
overdrive  the  crystal,  monitor  the  output  frequency  at  Osc  Out 
2.  The  frequency  should  increase  very  slightly  as  the  dc  supply 
voltage  is  increased.  An  overdriven  crystal  decreases  in  fre- 
quency or  becomes  unstable  with  an  increase  in  supply  volt- 
age. The  operating  supply  voltage  must  be  reduced  or  R1  must 
be  increased  in  value  if  the  overdriven  condition  exists.  The 
user  should  note  that  the  oscillator  start-up  time  is  proportional 
to  the  value  of  R1. 


Values  are  supplied  by  the  crystal  manufacturer 
(parallel  resonant  crystal) 


Figure  58.  Equivalent  Crystal  Networks 
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Selecting  Rf 

The  feedback  resistor  (Rfl  typically  ranges  up  to  20  MSI.  Rf 
determines  the  gain  and  bandwidth  of  the  amplifier.  Proper 
bandwidth  ensures  oscillation  at  the  correct  frequency  plus 
roll-off  to  minimize  gain  at  undesirable  frequencies,  such  as 
the  first  overtone.  Rf  must  be  large  enough  so  as  not  to  affect 
the  phase  of  the  feedback  network  in  an  appreciable  manner. 

RECOMMENDED  READING 

D.  Babin,  "Designing  Crystal  Oscillators",  Machine  Design, 
March  7,  1985. 

D.  Babin,  "Guidelines  for  Crystal  Oscillator  Design",  Machine 
Design,  April  25,  1985. 


PRINTED  CIRCUIT  BOARD  LAYOUT 

Noise  generators  on  the  power  supply  lines  should  be  de- 
coupled. The  two  major  sources  of  noise  on  the  power  supply 
lines  are  peak  current  in  output  stages  during  switching  and 
the  charging  and  discharging  of  parasitic  capacitances. 

A  good  power  distribution  network  is  essential  before  de- 
coupling can  provide  any  noise  reduction.  Avoid  using  jumpers 
for  ground  and  power  connections;  the  inductance  they  in- 
troduce into  the  lines  permits  coupling  between  outputs. 
Therefore,  use  of  PC  boards  with  premanufactured  ground 
connections  is  advised  to  connect  the  device  pins  to  ground. 

However,  the  optimum  solution  is  to  use  multi-layer  PC 
boards  where  different  layers  are  used  for  the  supply  rails  and 
interconnections.  Even  with  double-sided  boards,  placing  the 
power  and  ground  lines  on  opposite  sides  of  the  board  when- 
ever possible  is  recommended.  The  multi-wire  board  is  a  less 
expensive  approach  than  the  multi-layer  PC  board,  while  re- 
taining the  same  noise  reduction  characteristics.  As  a  rule  of 
thumb,  there  should  be  several  ground  pins  per  connector  to 
give  good  ground  distribution. 

The  precautions  for  ground  lines  also  apply  to  Vcc  l'nes: 
1 )  separate  power  stabilization  for  each  board;  2)  isolate  noise 
sources;  and  31  avoid  the  use  of  large,  single  voltage  regulators. 

After  all  of  these  precautions,  decoupling  is  an  added  mea- 
sure to  reduce  supply  noise.  See  the  Decoupling  Capacitors 
section. 


GLOSSARY  OF  TERMS 

Cjn  Input  Capacitance  —  The  parasitic  capacitance  as- 
sociated with  a  given  input  pin. 

C[_  Load  Capacitance  —  The  capacitor  value  which  loads 
each  output  during  testing  and/or  evaluation.  This  ca- 
pacitance is  assumed  to  be  attached  to  each  output 
in  a  system.  This  includes  all  wiring  and  stray 
capacitance. 

Cout  Output  Capacitance  —  The  capacitance  associated 
with  a  three-state  output  in  the  high-impedance  state. 

Cpp  Power  Dissipation  Capacitance  —  Used  to  deter- 
mine device  dynamic  power  dissipation,  i.e., 
PD  =  CpDVcC2f  +  VcclCC  See  POWER  SUPPLY 
SIZING  for  a  discussion  of  Cpp. 


f  max  Maximum  Clock  Frequency  —  The  maximum  clock- 
ing frequency  attainable  with  the  following  input  and 
output  conditions  being  met: 

Input  Conditions  —  (HC)tr=tf  =  6ns,  voltage  swing 
from  GND  to  Vcc  with  50%  duty  cycle.  (HCT) 
tr=tf =6  ns,  voltage  swing  from  GND  to  3.0  V  with 
50%  duty  cycle. 

Output  Conditions  —  (HCand  HCT)  waveform  must 
swing  from  10%  of  (Voh-Vol)  to  90%  of 
(vOH_vOL)  and  De  functionally  correct  under  the 
given  load  condition:  C|_  =  50  pF,  all  outputs. 
Vcc  Positive  Supply  Voltage  —  +  dc  supply  voltage  (ref- 
erenced to  GND).  The  voltage  range  over  which  ICs 
are  functional. 

Vjn  Input  Voltage  —  DC  input  voltage  (referenced  to 
GND). 

Vout  Output  Voltage  —  DC  output  voltage  (referenced  to 
GND). 

V|H  Minimum  High  Level  Input  Voltage  —  The  worst 
case  voltage  that  is  recognized  by  a  device  as  the  HIGH 
state. 

V|l  Maximum  Low  Level  Input  Voltage  —  The  worst 
case  voltage  that  is  recognized  by  a  device  as  the  LOW 
state. 

vOH  Minimum  High  Level  Output  Voltage  —  The  worst 
case  high-level  voltage  at  an  output  for  a  given  output 
current  (lout*  ar|d  supply  voltage  (Vcc'> 

Vol  Maximum  Low  Level  Output  Voltage  —  The  worst 
case  low-level  voltage  at  an  output  for  a  given  output 
current  (lout'  ana  supply  voltage  (Vcc'- 

Vt+  Positive-Going  Input  Threshold  Voltage  —  The 
minimum  input  voltage  of  a  device  with  hysteresis 
which  is  recognized  as  a  high  level.  (Assumes  ramp 
up  from  previous  low  level.) 

Vr_  Negative-Going  Input  Threshold  Voltage  —  The 
maximum  input  voltage  of  a  device  with  hysteresis 
which  is  recognized  as  a  low  level.  (Assumes  ramp 
down  from  previous  high  level). 

Vh  Hysteresis  Voltage  —  The  difference  between  Vj  + 
and  Vj  -  of  a  given  device  with  hysteresis.  A  measure 
of  noise  rejection. 

ICC  lc  Quiescent  Supply  Current  —  The  current  into 
the  Vcc  P'n  when  the  device  inputs  are  static  at  Vcc 
or  GND  and  outputs  are  not  connected. 

Alec  Additional  Quiescent  Supply  Current  —  The  cur- 
rent into  the  Vcc  Pin  when  one  of  the  device  inputs 
is  at  2.4  V  with  respect  to  GND  and  the  other  inputs 
are  static  at  Vcc  or  GND-  Tne  outputs  are  not 
connected. 

I; n  Input  Current  —  The  current  into  an  input  pin  with 
the  respective  input  forced  to  Vcc  or  GND.  A  negative 
sign  indicates  current  is  flowing  out  of  the  pin  (source). 
A  positive  sign  or  no  sign  indicates  current  is  flowing 
into  the  pin  (sink). 

'out  Output  Current  —  The  current  out  of  an  output  pin. 
A  negative  sign  indicates  current  is  flowing  out  of  the 
pin  (source).  A  positive  sign  or  no  sign  indicates  current 
is  flowing  into  the  pin  (sink). 
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l|H      Input  Current  (High)  —  The  input  current  when  the  tjHL 
input  voltage  is  forced  to  a  high  level. 

I|L       Input  Current  (Low)  —  The  input  current  when  the 

input  voltage  is  forced  to  a  low  level.  tsu 

'OH  Output  Current  (High)  —  The  output  current  when 
the  output  voltage  is  at  a  high  level. 

'OL  Output  Current  (Low)  —  The  output  current  when 
the  output  voltage  is  at  a  low  level. 

'OZ  Three-State  Leakage  Current  —  The  current  into  or 
out  of  a  three-state  output  in  the  high-impedance  state 
with  that  respective  output  forced  to  Vfjc  or  GND. 

*PLH  Low-to-High  Propagation  Delay  (HC)  —  The  time 
interval  between  the  0.5  Vcc  level  of  the  controlling 
input  waveform  and  the  50%  level  of  the  output  wave- 
form, with  the  output  changing  from  low  level  to  high 
level.  (HCTI  -  The  time  interval  between  the  1.3  V 
level  (with  respect  to  GND)  of  the  controlling  input 
waveform  and  the  1.3  V  level  (with  respect  to  GND) 
of  the  output  waveform,  with  the  output  changing 
from  low  level  to  high  level. 

tpHL  High-to-Low  Propagation  Delay  (HC)  —  The  time 
interval  between  the  0.5  Vqc  leve'  of  the  controlling 
input  waveform  and  the  50%  level  of  the  output  wave- 
form, with  the  output  changing  from  high  level  to  low 
level.  (HCT)  —  The  time  interval  between  the  1.3  V 
level  (with  respect  to  GND)  of  the  controlling  input 
waveform  and  the  1.3  V  level  (with  respect  to  GND) 
of  the  output  waveform,  with  the  output  changing 
from  high  level  to  low  level. 

tpLZ  Low-Level  to  High-Impedance  Propagation  Delay  troc 
(Disable  Time)  —  The  time  interval  between  the  0.5 
Vcc  level  for  HC  devices  (1.3  V  with  respect  to  GND 
for  HCT  devices)  of  the  controlling  input  waveform 
and  the  10%  level  of  the  output  waveform,  with  the 
output  changing  from  the  low  level  to  high-impedance 
(off)  state. 

tpHZ  High-Level  to  High-Impedance  Propagation  Delay 
(Disable  Time)  —  The  time  interval  between  the  0.5 
Vfjc  'eve'  f°r  devices  (1 .3  V  with  respect  to  GND 
for  HCT  devices)  of  the  controlling  input  waveform 
and  the  90%  level  of  the  output  waveform,  with  the  tw 
output  changing  from  the  high  level  to  high-impedance 
(off)  state. 

tpzL  High-Impedance  to  Low-Level  Propagation  Delay 
(Enable  Time)  —  The  time  interval  between  0.5  Vcc 
level  (HO  or  1.3  V  level  with  respect  to  GND  (HCT) 
of  the  controlling  input  waveform  and  the  50%  level  tr 
(HC)  or  1.3  V  level  with  respect  to  GND  (HCT)  of  the 
output  waveform,  with  the  output  changing  from  the 
high-impedance  (off)  state  to  a  low  level. 

tpzH   High-lmpedanceto  High-Level  Propagation  Delay 

(Enable  Time)  —  The  time  interval  between  the  0.5  tf 
Vcc  level  (HC)  or  13  v  tevel  witn  respect  to  GND 
(HCT)  of  the  controlling  input  waveform  and  the  50% 
level  (HC)  or  1.3  V  level  with  respect  to  GND  (HCT) 
of  the  output  waveform,  with  the  output  changing 
from  the  high-impedance  (off)  state  to  a  high  level. 

tj|_n  Output  Low-to-High  Transition  Time  —  The  time 
interval  between  the  10%  and  90%  voltage  levels  of 
the  rising  edge  of  a  switching  output. 


Output  High-to-Low  Transition  Time  —  The  time 
interval  between  the  90%  and  10%  voltage  levels  of 
the  falling  edge  of  a  switching  output. 

Setup  Time  —  The  time  interval  immediately  pro- 
ceeding the  active  transition  of  a  clock  or  latch  enable 
input,  during  which  the  data  to  be  recognized  must 
be  maintained  (valid)  at  the  input  to  ensure  proper 
recognition.  A  negative  setup  time  indicates  that  the 
data  at  the  input  may  be  applied  sometime  after  the 
active  clock  or  latch  transition  and  still  be  recognized. 
For  HC  devices,  the  setup  time  is  measured  from  the 
50%  level  of  the  data  waveform  to  the  50%  level  of 
the  clock  or  latch  input  waveform.  For  HCT  devices, 
the  setup  time  is  measured  from  the  1.3  V  level  (with 
respect  to  GND)  of  the  data  waveform  to  the  1.3  V 
level  (with  respect  to  GND)  of  the  clock  or  latch  input 
waveform. 

Hold  Time  —  The  time  interval  immediately  following 
the  active  transition  of  a  clock  or  latch  enable  input, 
during  which  the  data  to  be  recognized  must  be  main- 
tained (valid)  at  the  input  to  ensure  proper  recognition. 
A  negative  hold  time  indicates  that  the  data  at  the 
input  may  be  changed  prior  to  the  active  clock  or  latch 
transition  and  still  be  recognized.  For  HC  devices,  the 
hold  time  is  measured  from  the  50%  level  of  the  clock 
or  latch  input  waveform  to  the  50%  level  of  the  data 
waveform.  For  HCT  devices,  the  hold  time  is  measured 
from  the  1 .3  V  level  (with  respect  to  GND)  of  the  clock 
or  latch  input  waveform  to  the  1 .3  V  level  (with  respect 
to  GND)  of  the  data  waveform. 
Recovery  Time  (HC)  -  The  time  interval  between 
the  50%  level  of  the  transition  from  active  to  inactive 
state  of  an  asynchronous  control  input  and  the  50% 
level  of  the  active  clock  or  latch  enable  edge  required 
to  guarantee  proper  operation  of  a  device.  (HCT)  — 
The  time  interval  between  the  1 .3  V  level  (with  respect 
to  GND)  of  the  transition  from  active  to  inactive  state 
of  an  asynchronous  control  input  and  the  1 .3  V  level 
(with  respect  to  GND)  of  the  active  clock  or  latch  edge 
required  to  guarantee  proper  operation  of  a  logic 
device. 

Pulse  Width  (HC)  —  The  time  interval  between  50% 
levels  of  an  input  pulse  required  to  guarantee  proper 
operation  of  a  logic  device.  (HCT)  —  The  time  interval 
between  1.3  V  levels  (with  respect  to  GND)  of  an  input 
pulse  required  to  guarantee  proper  operation  of  a  logic 
device. 

Input  Rise  Time  (HC)  —  The  time  interval  between 
the  10%  and  90%  voltage  levels  on  the  rising  edge  of 
an  input  signal.  (HCT)  —  The  time  interval  between 
the  0.3  V  level  and  2.7  V  level  (with  respect  to  GND) 
on  the  rising  edge  of  an  input  signal. 
Input  Fall  Time  (HC)  —  The  time  interval  between 
the  90%  and  10%  voltage  levels  on  the  falling  edge  of 
an  input  signal.  (HCT)  —  The  time  interval  between 
the  2.7  V  level  and  0.3  V  level  (with  respect  to  GND) 
on  the  falling  edge  of  an  input  signal. 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL  DATA 


MC54/74HC00 


Quad  2-lnput  NAND  Gate 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC00  is  identical  in  pinout  to  the  LSOO.  The  device  inputs  are  com- 
patible with  standard  CMOS  outputs;  with  pullup  resistors,  they  are  compatible  with 
LSTTL  outputs. 

•  Output  Drive  Capability:  10  LSTTL  Loads 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1  iiA 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  32  FETs  or  8  Equivalent  Gates 


LOGIC  DIAGRAM 


Y  =  AB 


PIN  14  =  VCC 
PIN  7  =  GND 


J  SUFFIX 
CERAMIC 
CASE  632 


N  SUFFIX 
PLASTIC 
CASE  646 


D  SUFFIX 

SOIC 
CASE  751A 


ORDERING  IN  FORM  ATI  ON 

MC74HCXXN  Plastic 
MC54HCXXJ  Ceramic 
MC74HCXXD  SOIC 

T^=  -55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 


PIN  ASSIGNMENT 


FUNCTION  TABLE 


Inputs 

Output 

A  B 

Y 

L  L 

H 

L  H 

H 

H  L 

H 

H  H 

L 
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MC54/74HC00 


MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

—  U.D  to  -f  /.U 

V 

Vin 

DC  Input  Voltage  (Referenced  to  GND) 

—  i  .a  to  vcc  ' 

V0ut 

DC  Output  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc +  0.5 

V 

hn 

DC  Input  Current,  per  Pin 

±20 

mA 

'out 

DC  Output  Current,  per  Pin 

+  25 

mA 

ice 

DC  Supply  Current,  Vqc  and  GHD  Pins 

±50 

mA 

PD 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPT 
SOIC  Packager 

750 
500 

mW 

Tstq 

Storage  Temperature 

-65  to  +150 

°C 

TL 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°e 

*IVtaximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
fDerating  -  Plastic  DIP:  -  10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -  10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjn  and 
Vout  should  be  constrained  to  the 
range  GND  <  (Vin  or  Vout)  <  VCC. 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  Vcc'-  Unused 
outputs  must  be  left  open. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

VCC 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

•r.  tf 

Input  Rise  and  Fall  Time                          Vcc  =  2.0  V 
(Figure  1)  VCC=4.5V 

VCC  =  6-0  V 

0 
0 
0 

1000 
500 
400 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GNDI 


Symbol 

Parameter 

Test  Conditions 

vcc 

V 

Guaranteed  Limit 

Unit 

25°C  to 
-55°C 

S85"C 

<125°C 

V|H 

Minimum  High-Level  Input 
Voltage 

Vout  =  0.1  Vor  Vcc-0.1  V 
|loutl==20MA 

2.0 
4.5 
6.0 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

V 

V|L 

Maximum  Low-Level  Input 
Voltage 

Vout  =  0.1  Vor  Vcc-0.1  V 
|lout|s20,iA 

2.0 
4.5 
6.0 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

V 

VOH 

Minimum  High-Level  Output 
Voltage 

Vin  =  V|H  or  V|L 
|lout|<20,<A 

2.0 
4.5 
6.0 

1.9 
4.4 
5.9 

1.9 
4.4 

5.9 

1.9 
4.4 
5.9 

V 

Vin  =  V|HorV|L  |lout|<4.0mA 
|lout|<5.2  mA 

4.5 
6.0 

3.98 
5.48 

3.84 
5.34 

3.70 
5.20 

vol 

Maximum  Low-Level  Output 
Voltage 

Vin  =  V|H  or  V|L 
lloutl^O/jA 

2.0 
4.5 
6.0 

0.1 
0.1 
0.1 

0.1 

0.1 
0.1 

0.1 

0.1 
0.1 

V 

Vin  =  V|H°'V|L  |lout|s4.0mA 
jlout|s5.2  mA 

4.5 
6.0 

0.26 
0.26 

0.33 
0.33 

0.40 
0.40 

"in 

Maximum  Input  Leakage  Current 

Vin  =  VCC  °r  GND 

6.0 

±0.1 

±1.0 

±1.0 

/"A 

ice 

Maximum  Quiescent  Supply 
Current  (per  Package) 

Vin  =  VCC  or. .GND 
lou^O/iA^ 

6.0 

2 

20 

40 

eA 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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vcc 

V 

feuaranteea  Limit 

Symbol 

Parameter 

25°  C  to 
-55°C 

s85°C 

s125°C 

Unit 

'PLH. 
'PHL 

Maximum  Propagation  Delay,  Input  A  or  B  to  Output  Y 
(Figures  1  and  2) 

2.0 
4.5 
6.0 

90 
18 
15 

115 
23 
20 

135 
27 
23 

ns 

'TLH. 
'THL 

Maximum  Output  Transition  Time,  Any  Output 
(Figures  1  and  2) 

2.0 
4.5 
6.0 

75 
15 
13 

95 
19 
16 

110 
22 
19 

ns 

Cin 

Maximum  Input  Capacitance 

10 

10 

10 

pF 

NOTES: 

1.  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 

CPD 

Power  Dissipation  Capacitance  (Per  Gate) 

Typical  ( 

I  25°  C,  VCC  =  5.0  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 
PD=CPD  vCC2f+lCC  VCC 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

22 

pF 

INPUT 
A  ORB  5,7% 


-*H   K-tf  — H  [-*— tr 

50%\  / 

io%  \  t 


'PLH 
90% 

OUTPUT  V  50% 
10% 


GND 


1PHL 


 \ 

V 

T — 


Figure  T.  Switching  Waveforms 


TEST  POINT 


^Includes  all  probe  and  jig  capacitance. 
Figure  2.  Test  Circuit 


EXPANDED  LOGIC  DIAGRAM 

(V4  of  the  Devicel 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL  DATA 


MC54/74HC02 


Quad  2-lnput  NOR  Gate 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC02  is  identical  in  pinout  to  the  LS02.  The  device  inputs  are  com- 
patible with  standard  CMOS  outputs;  with  pullup  resistors,  they  are  compatible  with 
LSTTL  outputs. 


Output  Drive  Capability:  10  LSTTL  Loads 

Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

Operating  Voltage  Range:  2  to  6  V 

Low  Input  Current:  1  nA 

High  Noise  Immunity  Characteristic  of  CMOS  Devices 

In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

Chip  Complexity:  40  FETs  or  10  Equivalent  Gates 


J  SUFFIX 
CERAMIC 
CASE  632 


N  SUFFIX 
PLASTIC 
CASE  646 


D  SUFFIX 

SOIC 
CASE  751 A 


ORDERING  INFORMATION 

MC74HCXXN  Plastic 
MC54HCXXJ  Ceramic 
MC74HCXXD  SOIC 

T^  =  -  55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 


LOGIC  DIAGRAM 


PIN  ASSIGNMENT 


FUNCTION  TABLE 


Inputs 

Output 

A  B 

Y 

L  L 

H 

L  H 

L 

H  L 

L 

H  H 

L 
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MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

-0.5  to  +7.0 

V 

Vin 

DC  Input  Voltage  (Referenced  to  GND) 

-  1.5  to  Vcc  +  15 

V 

Vout 

DC  Output  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc +0.5 

V 

"rn 

DC  Input  Current,  per  Pin 

r  20 

mA 

'out 

DC  Output  Current,  per  Pin 

±25 

mA 

ice 

DC  Supply  Current,  Vcc  ant)  GND  pins 

±50 

mA 

PD 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tstg 

Storage  Temperature 

-65-to  +150 

°C 

TL 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°C 

"""Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
tDerating  -  Plastic  DIP:  -  10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -  10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjn  and 
Vout  should  be  constrained  to  the 
range  GND<(Vin  or  Vout,<VCC. 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  Vcc)-  Unused 
outputs  must  be  left  open. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

vcc 

V 

T.A 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

*r-  tf 

Input  Rise  and  Fall  Time                          Vcc  =  2.0  V 
(Figure  1)  VCC=4.5V 

VCC  =6.0  V 

0 
0 
0 

1000 
500 
400 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 


Symbol 

Parameter 

Test  Conditions 

vcc 

V 

Guaranteed  Limit 

Unit 

25°C  to 
-55°C 

<85°C 

<125°C 

V|H 

Minimum  High-Level  Input 
Voltage 

Vout  =  0.1  V  or  VCC -0.1  V 
|lout|<20/lA 

2.0 
4.5 
6.0 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

V 

VlL 

Maximum  Low-Level  Input 
Voltage 

Vout  =  0.1  Vor  VCC-0.1  V 
|lout|s20„A 

2.0 
4.5 
6.0 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

V 

VOH 

Minimum  High-Level  Output 
Voltage 

V|n  =  V|H  °'  V|L 

|iout|s2o,.A 

2.0 
4.5 
6.0 

1.9 
4.4 
5.9 

1.9 
4.4 

5.9 

1.9 
4.4 
5.9 

V 

Vin  =  V|HorV|L  |lout|S4.0mA 
|lout|s5.2  mA 

4.5 
6.0 

3.98 
5.48 

3.84 
5.34 

3.70 
5.20 

vol 

Maximum  Low-Level  Output 
Voltage 

Vin  =  V|H  or  V|L 
|lout|<20,,A 

2.0 
4.5 
6.0 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

V 

Vin  =  V|HorV|L  |lout|<4.0mA 
|lout|s5.2  mA 

4.5 
6.0 

0.26 
0.26 

0.33 

0.33 

0.40 
0.40 

•in 

Maximum  Input  Leakage  Current 

Vin  =  VCC  GND 

6.0 

±0.1 

±1.0 

±1.0 

*A 

ice 

Maximum  Quiescent  Supply 
Current  (per  Package) 

Vin  =  VCC  or  GND 
lout  =  0^A 

6.0 

2 

20 

40 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 


MOTOROLA  HIGH-SPEED  CMOS  LOGIC  DATA 

5-6 


vcc 
v 

Guaranteed  Limit 

Symbol 

Parameter 

25°C  to 
-55°C 

s85°C 

<125°C 

Unit 

«PLH. 

Maximum  Propagation  Delay,  Input  A  or  B  to  Output  Y 

2.0 

90 

115 

135 

ns 

'PHL 

(Figures  1  and  2) 

4.5 

18 

23 

27 

6.0 

15 

20 

23 

Tlh. 

Maximum  Output  Transition  Time,  Any  Output 

2.0 

75 

95 

110 

ns 

tTHL 

(Figures  1  and  2) 

4.5 

15 

19 

22 

6.0 

13 

16 

19 

Cin 

Maximum  Input  Capacitance 

10 

10 

10 

pF 

NOTES: 

1.  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


CPD 

Power  Dissipation  Capacitance  (Per  Gate) 

Typical  @  25-C,  Vcc  =  5.0  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 

PD  =  Cpo  vcc2f+icc  VCC 

22 

pF 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

A  ORB  ,0% 


OUTPUT  V 


tPLH 

90% 
50% 
10% 


!TLH 


>HL  J*- 


vcc 

GND 


Figure  1.  Switching  Waveforms 


DEVICE 
UNDER 
TEST 


TEST  POINT 
O 


OUTPUT 


•Includes  all  probe  and  jig  capacitance. 
Figure  2.  Test  Circuit 


EXPANDED  LOGIC  DIAGRAM 

1%  of  the  Device) 
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Quad  2-lnput  NAND  Gate 
with  Open-Drain  Outputs 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC03  is  identical  in  pinout  to  the  LS03.  The  device  inputs  are  com- 
patible with  standard  CMOS  outputs;  with  pullup  resistors,  they  are  compatible  with 
LSTTL  outputs. 

The  HC03  NAND  gate  has,  as  its  output,  a  high-performance  MOS  N-Channel 
transistor.  This  NAND  gate  can,  therefore,  with  a  suitable  pullup  resistor,  be  used  in 
wired-AND  applications.  Having  the  output  characteristic  curves  given  in  this  data 
sheet,  this  device  can  be  used  as  an  LED  driver  or  in  any  other  application  that  only 
requires  a  sinking  current. 

•  Output  Drive  Capability:  10  LSTTL  Loads  with  Suitable  Pullup  Resistor 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  28  FETs  or  7  Equivalent  Gates 


J  SUFFIX 
CERAMIC 
CASE  632 


N  SUFFIX 
PLASTIC 
CASE  646 


D  SUFFIX 

SOIC 
CASE  751A 


ORDERING  INFORMATION 

MC74HCXXN  Plastic 
MC54HCXXJ  Ceramic 
MC74HCXXD  SOIC 

Ta=  -55°  to  125°C  for  all  packages. 

Dimensions  in  Chapter  7. 


LOGIC  DIAGRAM 


OUTPUT 
PROTECTION 
0I00E 


13,6.8,11  „„ 
f   Y* 


PIN  14  =  VCC 
PIN  7  -GND 


PIN  ASSIGNMENT 


FUNCTION  TABLE 


Inputs 

Output 

A  B 

Y 

L  L 

Z 

L  H 

Z 

H  L 

Z 

H  H 

L 

Z  =  High  Impedance 


""Denotes  open-drain  outputs. 
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MC54/74HC03 


MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

VCC 

DC  Supply  Voltage  (Referenced  to  GND) 

—  U.O  TO  +  /.U 

vin 

DC  Input  Voltage  (Referenced  to  GND) 

—  1  .D  10  VQQ  +I.O 

V 

Vout 

DC  Output  Vottage  (Referenced  to  GND) 

-0.5  to  Vcc  +  0  5 

V 

>in 

DC  Input  Current,  per  Pin 

±20 

mA 

'out 

DC  Output  Current,  per  Pin 

+  25 

mA 

ice 

DC  Supply  Current,  VqC  and  GND  pins 

±50 

mA 

pd 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tstq 

Storage  Temperature 

-  65  to  +  1 50 

°c 

tl 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°C 

*Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
tDerating  -  Plastic  DIP:  -  10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -  10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjn  and 
Vout  should  be  constrained  to  the 
range  GND <(Vjn  or  Vout)<VCC- 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  Vcc).  Unused 
outputs  must  be  left  open. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

VCC 

V 

ta 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

=c 

«r.  tf 

Input  Rise  and  Fall  Time                          Vcc  =2.0  V 
(Figure  1)  VCC=4.5V 

VCC  =  6.0  V 

0 
0 
0 

1000 
500 
400 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 


vCc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

Test  Conditions 

25°Cto 
-55°C 

<86°C 

<125°C 

Unit 

V|H 

Minimum  High-Level  Input 

Vout  =  0.1  V,  lout  =  0^Aor 

2.0 

1.5 

1.5 

1.5 

V 

Voltage 

Vout  =  VCC  "0.1  V, 

4.5 

3.15 

3.15 

3.15 

Rpu  per  Figure  2 

6.0 

4.2 

4.2 

4.2 

V|L 

Maximum  Low-Level  Input 

Vout  =  0.1  V,  lout  =  0,.A  or 

2.0 

0.3 

0.3 

0.3 

V 

Voltage 

Vout  =  VCC  "0.1  V, 

4.5 

0.9 

0.9 

0.9 

Rpu  per  Figure  2 

6.0 

1.2 

1.2 

1.2 

vol 

Maximum  Low-Level  Output 

Vin  =  V|H  or  V|L 

2.0 

0.1 

0.1 

0.1 

V 

Voltage 

I'outl  ^20  f^A 

4.5 

0.1 

0.1 

0.1 

6.0 

0.1 

0.1 

0.1 

Vin  =  V|HorV|L  lloutl-rt.OmA 

4.5 

0.26 

0.33 

0.40 

|lout|<5.2  mA 

6.0 

0.26 

0.33 

0.40 

"in 

Maximum  Input  Leakage  Current 

Vjn  =  VCC  or  GND 

6.0 

±0.1 

±1.0 

±1.0 

„A 

'CC 

Maximum  Quiescent  Supply 

vin  =  VCC  or  GND 

6.0 

2 

20 

40 

(•A 

Current  (per  Package) 

lout  =  0/iA 

'oz 

Maximum  Three-State  Leakage 

Output  in  High-Impedance  State 

6.0 

±0.5 

±5.0 

±10.0 

Current 

V|n  =  V|LorV|H 

Vout  =  VcC  °r  GND 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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MC54/74HC03 

AC  ELECTRICAL  CHARACTERISTICS  [CL  =  50  pF,  Input  tr  =  t(  =  6  ns) 


Vcc 

Guaranteed  Limit 

Symbol 

Parameter 

25°C  to 
-55°C 

<85°C 

<125°C 

Unit 

tpLZ. 
<PZL 

Maximum  Propagation  Delay,  Input  A  or  B  to  Output  Y 
(Figures  1  and  21 

2.0 
4.5 
6.0 

125 
25 
21 

155 
31 
26 

190 
38 
32 

ns 

tTHL 

Maximum  Output  Transition  Time,  Any  Output 
(Figures  1  and  21 

2.0 
4.5 
6.0 

75 
15 
13 

95 
19 
16 

110 
22 
19 

ns 

Cin 

Maximum  input  Capacitance 

10 

10 

10 

pF 

cout 

Maximum  Three-State  Output  Capacitance  (Output  in  High-Impedance 
Statel 

10 

10 

10 

pF 

NOTES: 

1.  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


CPD 

Power  Dissipation  Capacitance  (Per  Gate) 

Typical  @  25°C.  Vcc  =  5.0  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 

Pq  =  Cpd  Vcc2f+lcc  Vcc 

8 

PF 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

INPUT  A 


OUTPUT  Y 


■it:  4  r 

 Jf  10%  V 


*—  'PZL 

90% 
50% 
10% 


->THL 


Figure  1.  Switching  Waveforms 


25 


vcc 

1  k!)  ?  Rpu 


,  TEST 
POINT 


*lncludes  all  probe  and  jig  capacitance. 
Figure  2.  Test  Circuit 


1      t  =  ; 

CAL 
5°C 

H 

C=5  V 

T 

=  25°C 

1 

T  =  85°C 

T=125°C 

EXPEC' 

ED  MINIMUM 

H 

12  3  4 

Vfj.  OUTPUT  VOLTAGE,  IV0LTSI 

*The  expected  minimum  curves  are  not  guarantees, 
but  are  design  aids. 

Figure  3.  Open-Drain  Output  Characteristics 
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MC54/74HC03 

TYPICAL  APPLICATIONS 


Wired  AND 


A1  — TT^UYL 

B,  —|  *™S 


HC03 


vcc 

PULLUP 
RESISTOR 


i  OUTPUT 


Output  =  Y1«Y2«...»Yn 
=  A1B1«A2B2»...»AnBn 


Bn  — |  Hcoa^T 


LED  Driver  with  Blanking 


Design  Example 
Conditions:  Iq  =  10  mA 

Using  Figure  3  typical  curve,  @  \q  -  10  mA,  Vqs  =  0.4  V 
VCC-VF-V0 


.-.  R  »  ■ 


'D 


_  5V-1.7  V-0.4V 
10  mA 

=  290  Si 
Use  R  =  270  fi 
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Hex  Inverter 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC04  is  identical  in  pinout  to  the  LS04  and  the  MC14069.  The 
device  inputs  are  compatible  with  standard  CMOS  outputs;  with  pullup  resistors, 
they  are  compatible  with  LSTTL  outputs. 

This  device  consists  of  six  three-stage  inverters.  See  the  HC9034  for  nine  inverters 
in  one  package. 

•  Output  Drive  Capability:  10  LSTTL  Loads 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1  fiA 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  36  FETs  or  9  Equivalent  Gates 


LOGIC  DIAGRAM 


A4- 


A5 


A6 


■Y3 


^>o — —  ya 


-Y6 


PIN  14=VCC 
PIN  7  =  GND 


J  SUFFIX 
CERAMIC 
CASE  632 


N  SUFFIX 
PLASTIC 
CASE  646 


D  SUFFIX 

SOIC 
CASE  7S1A 


ORDERING  INFORMATION 

MC74HCXXN  Plastic 
MC54HCXXJ  Ceramic 
MC74HCXXD  SOIC 

TA=  -55"  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 


Y  =  A 


PIN  ASSIGNMENT 


FUNCTION  TABLE 


Inputs 

Outputs 

A 

Y 

L 

H 

H 

L 
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MC54/74HC04 


MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

-0.5  to  +7.0 

V 

Vin 

DC  Input  Voltage  (Referenced  to  GNDI 

-1.5  to  Vcc  +  1-5 

V 

Vout 

DC  Output  Voltage  (Referenced  to  GNDI 

-0.5  to  Vcc  +  0.5 

V 

■in 

DC  Input  Current,  per  Pin 

±20 

mA 

'out 

DC  Output  Current,  per  Pin 

±25 

mA 

ice 

DC  Supply  Current,  Vcc  and  GND  Pins 

±50 

mA 

PD 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tstg 

Storage  Temperature 

-65  to  +150 

°c 

TL 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°c 

*Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
tDerating  -  Plastic  DIP:  -  10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -  10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjn  and 
Vout  should  be  constrained  to  the 
range  GND<(Vin  or  Vout)<Vcc. 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  Vrjc*-  Unused 
outputs  must  be  left  open. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GNDI 

2.0 

6.0 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

VCC 

V 

Ta 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°C 

*r.  tf 

Input  Rise  and  Fall  Time 
(Figure  1) 

Vcc  =  2  0  V 
VCC  =  4.5V 
VCC  =6.0  V 

0 
0 
0 

1000 
500 
400 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 

VCC 
V 

Guaranteed  Limit 

Symbol 

Parameter 

Test  Conditions 

25°Cto 
-55°C 

<85°C 

<125°C 

Unit 

V|H 

Minimum  High-Level  Input 
Voltage 

Vout  =  0.1  V 
|loutl  =s20,»A 

2.0 
4.5 
6.0 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

V 

V|L 

Maximum  Low-Level  Input 
Voltage 

Vout  =  VCC  -0.1V 
|loutls20^A 

2.0 
4.5 
6.0 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

V 

VOH 

Minimum  High-Level  Output 
Voltage 

Vin  =  V|L 
|loutl  s20^A 

2.0 
4.5 
6.0 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

V 

Vin  =  V|L 

|lout|<4.0  mA 
|lout|<5.2  mA 

4.5 

6.0 

3.98 
5.48 

3.84 
5.34 

3.70 
5.20 

vol 

Maximum  Low-Level  Output 
Voltage 

Vin  =  V|H 

2.0 
4.5 
6.0 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

V 

Vin  =  V|H 

|lout[<4.0  mA 
|lout|<  5.2  mA 

4.5 
6.0 

0.26 
0.26 

0.33 
0.33 

0.40 
0.40 

'in 

Maximum  Input  Leakage  Current 

Vin  =  VCC  °'  GND 

6.0 

±0.1 

±1.0 

±1.0 

,iA 

ice 

Maximum  Quiescent  Supply 
Current  (per  Package) 

Vin  =  VcC°r  GND 
lout  =  0»iA 

6.0 

2 

20 

40 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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MC54/74HC04 


AC  ELECTRICAL  CHARACTERISTICS  (CL  =  50  pF,  Input  tr  =  tf  =  6  ns) 


vcc 

Guaranteed  Limit 

Symbol 

Parameter 

25°C  to 

Unit 

v 

<85°C 

<12S°C 

-55°C 

tPLH. 

Maximum  Propagation  Delay,  Input  A  to  Output  Y 

2.0 

95 

120 

145 

ns 

<PHL 

{Figures  1  and  2) 

4.5 

19 

6.0 

16 

20 

25 

'TLH. 

Maximum  Output  Transition  Time,  Any  Output 

2.0 

75 

95 

110 

ns 

tTHL 

(Figures  1  and  21 

4.5 

15 

19 

22 

6.0 

13 

16 

19 

Maximum  Input  Capacitance 

10 

10 

10 

pF 

NOTES: 

1.  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


CPD 

Power  Dissipation  Capacitance  (Per  Inverter) 

Typical  @  25°C.  Vcc  =  5.0  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 

PD  =  CpD  Vcc^+ICC  VcC 

20 

pF 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

SWITCHING  WAVEFORMS 


90% 
INPUT  A  50% 
10% 


'PLH 
90% 

OUTPUT  Y  50% 
10% 


'THL 


>HL  (<- 


GND 


TEST  POINT 


Figure  1 


♦includes  all  probe  and  jig  capacitance. 
Figure  2.  Test  Circuit 


EXPANDED  LOGIC  DIAGRAM 

(1/6  of  Device  Shown) 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL  DATA 


MC54/74HCT04 


Advance  Information 

Hex  Inverter  with  LSTTL- 

Compatible  Inputs 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HCT04  may  be  used  as  a  level  converter  for  interfacing  TTL  or 
NMOS  outputs  to  High-Speed  CMOS  inputs. 
The  HCT04  is  identical  in  pinout  to  the  LS04. 

•  Output  Drive  Capability:  10  LSTTL  Loads 

•  TTL/NMOS-Compatible  Input  Levels 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  4.5  to  5.5  V 

•  Low  Input  Current:  1 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  48  FETs  or  12  Equivalent  Gates 


LOGIC  DIAGRAM 


A3  • 


^>0  —  yi 

^>0  ^-Y3 


A5  ■ 


A6  - 


Y  =  A 


J  SUFFIX 
CERAMIC 
CASE  632 


N  SUFFIX 
PLASTIC 
CASE  646 


D  SUFFIX 

SOIC 
CASE  751A 


ORDERING  INFORMATION 

MC74HCTXXN  Plastic 
MC54HCTXXJ  Ceramic 
MC74HCTXXD  SOIC 

T/\  =  -  55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 


PIN  ASSIGNMENT 


FUNCTION  TABLE 


Inputs 

Outputs 

A 

Y 

L 

H 

H 

L 

PIN  1 4  =  Vcc 
PIN  7  =  GND 


This  document  contains  information  on  a  new  product.  Specifications  and  information  herein  are  subject  to  change  without  notice. 
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Symbol 

Parameter 

Value 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

-0.5  to  +7.0 

V 

Vin 

DC  Input  Voltage  (Referenced  to  GND) 

-1.5  to  Vcc+  1-5 

V 

Vout 

DC  Output  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc +  0.5 

V 

'in 

DC  Input  Current,  per  Pin 

±20 

mA 

'out 

DC  Output  Current,  per  Pin 

±25 

mA 

ice 

DC  Supply  Current,  Vcc  and  GND  Pirls 

±50 

mA 

Pd 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPT 
SOIC  Packaget 

750 
500 

mW 

Tstq 

Storage  Temperature 

-65  to  +150 

°c 

TL 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°C 

♦Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
tDerating  -  Plastic  DIP:  -10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjn  and 
Vout  should  be  constrained  to  the 
range  GND  <(Vjn  or  V0Ut)<VCC- 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  Vcc)-  Unused 
outputs  must  be  left  open. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

4.5 

5.5 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

vcc 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

V.  <f 

Input  Rise  and  Fall  Time  (Figure  1) 

0 

500 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 


vCc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

Test  Conditions 

25°  C  to 
-WC 

-  85°C 

«125°C 

Unit 

V|H 

Minimum  High-Level  Input 
Voltage 

VOut  =  0.1  V 
|lout|<20^A 

4.5 
5.5 

2.0 
2.0 

2.0 
2.0 

2.0 
2.0 

V 

V|L 

Maximum  Low-Level  Input 
Voltage 

Vout  =  vCc -o.i  v 
UaS&aA 

4.5 
5.5 

0.8 
0.8 

0.8 
0.8 

0.8 
0.8 

V 

VOH 

Minimum  High-Level  Output 

Vin  =  V|L 

4.5 

4.4 

4.4 

4.4 

V 

Voltage 

|lout|£20^ 

5.5 

5.4 

5.4 

5.4 

Vin  =  V|L 
|lout|s4.0  mA 

4.5 

3.98 

3.84 

3.70 

vol 

Maximum  Low-Level  Output 
Voltage 

Vin  =  V|H 

4.5 
5.5 

0.1 
0.1 

0.1 
0.1 

0.1 

0.1 

V 

Vin  =  VIH 
|lou,|  54.0  mA 

4.5 

0.26 

0.33 

0.40 

fin 

Maximum  Input  Leakage  Current 

Vin  =  VcC°rGND 

5.5 

±0.1 

±1.0 

±1.0 

>cc 

Maximum  Quiescent  Supply 
Current  (per  Package) 

Vin  =  VcC  t"  GND 
In*-** 

5.5 

2 

20 

40 

a'cc 

Additional  Quiescent  Supply 

Vjn  =  2.4  V,  Any  One  Input 

>  -56"C 

25°C  to  125°C 

Current 

vin  =  vCC  or  GN°.  O'ner  Inputs 
lout  =  0„A 

5.5 

2.9 

2.4 

mA 

NOTES: 

1 .  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 

2.  Total  Supply  Current  =  Ice +  EAIcc- 
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AC  ELECTRICAL  CHARACTERISTICS  (VCc  =  5.0V  ±10%,  CL  =  50pF,  Input  tr  =  tf  =  6  nsl 


Symbol 

Parameter 

Guaranteed  Limit 

Unit 

25°C  to 
-5S°C 

<85°C 

<125°C 

•PLH. 
tPHL 

Maximum  Propagation  Delay,  Input  A  to  Output  Y 
(Figures  1  and  2) 

20 

25 

30 

ns 

'TLH. 
«THL 

Maximum  Output  Transition  Time,  Any  Output 
(Figures  1  and  2) 

15 

19 

22 

ns 

Cm 

Maximum  Input  Capacitance 

10 

10 

10 

pP 

NOTES: 

1.  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


CPD 

Power  Dissipation  Capacitance  (Per  Inverter) 

Typical  @  25°  C,  Vcc  =  5  °  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 

Pd  =  Cpd  vcc^f+icc  VCC 

22 

pF 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

SWITCHING  WAVEFORMS 


Figure  1.  Switching  Waveforms  Figure  2.  Test  Circuit 


EXPANDED  LOGIC  DIAGRAM 

11/6  of  Device  Shown] 


—  Y 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL  DATA 


MC54/74HCU04 


Hex  Unbuffered  Inverter 

High  Performance  Silicon-Gate  CMOS 

The  MC54/74HCU04  is  identical  in  pinout  to  the  LS04  and  the  MC14069UB.  The 
device  inputs  are  compatible  with  standard  CMOS  outputs;  with  pullup  resistors, 
they  are  compatible  with  LSTTL  outputs. 

This  device  consists  of  six  single-stage  inverters.  These  inverters  are  well  suited 
for  use  as  oscillators,  pulse  shapers,  and  in  many  other  applications  requiring  a 
high-input  impedance  amplifier.  For  digital  applications,  the  HC04  is  recommended. 

•  Output  Drive  Capability:  10  LSTTL  Loads 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V;  2.5  to  6  V  in  Oscillator  Configurations 

•  Low  Input  Current:  1  fiA 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7  A 

•  Chip  Complexity:  12  FETs  or  3  Equivalent  Gates 


J  SUFFIX 
CERAMIC 
CASE  632 


N  SUFFIX 
PLASTIC 
CASE  646 


D  SUFFIX 

SOIC 
CASE  751A 


ORDERING  INFORMATION 

MC74HCUXXN  Plastic 
MC54HCUXXJ  Ceramic 
MC74HCUXXD  SOIC 

TA=  -55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 


LOGIC  DIAGRAM 


Al  ■ 


A3  - 


^>0  —  Yl 

^>o  e—n 

^>^^Y4 


Y  =  A 


PIN  ASSIGNMENT 


PIN  14  =  VCC 
PIN  7  =  GND 


FUNCTION  TABLE 


Inputs 

Outputs 

A 

Y 

L 

H 

H 

L 
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MC54/74HCU04 


MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

-0.5  to  +7.0 

V 

Vin 

DC  Input  Voltage  (Referenced  to  GND) 

-  1.5  to  Vcc+  1-5 

V 

V0ut 

DC  Output  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc+0.5 

V 

'in 

DC  Input  Current,  per  Pin 

±20 

mA 

'out 

DC  Output  Current,  per  Pin 

±25 

mA 

'cc 

DC  Supply  Current,  Vcc  and  GND  Pins 

±50 

mA 

PD 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tstg 

Storage  Temperature 

-65  to  +150 

°C 

TL 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

"C 

*Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
tDerating  -  Plastic  DIP:  -  10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -  7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjn  and 
Vout  should  be  constrained  to  the 
range  GND  < (Vin  or  Vout)  <  Vcc. 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  V(;c)-  Unused 
outputs  must  be  left  open. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

vcc 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

<r.  tf 

Input  Rise  and  Fall  Time  (Figure  1) 

No 
Limit 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 


vcc 

Guaranteed  Limit 

Symbol 

Parameter 

Test  Conditions 

25°C  to 

Unit 

V 

S85-C 

<125°C 

-55°C 

V|H 

Minimum  High-Level  Input 

Vout  =  0.5  V* 

2.0 

1.7 

1.7 

1.7 

V 

Voltage 

I'outl s20  mA 

4.5 

3.6 

3.6 

3.6 

6.0 

4.8 

4.8 

4.8 

V|L 

Maximum  Low-Level  Input 

Vout  =  VCC" 0.5  V* 

2.0 

0.3 

0.3 

0.3 

V 

Voltage 

|lout|s20(lA 

4.5 

0.8 

0.8 

0.8 

6.0 

1.1 

1.1 

1.1 

V0H 

Minimum  High-Level  Output 

Vjn  -  GND 

2.0 

1.8 

1.8 

1.8 

V 

Voltage 

|IOU,|<20„A 

4.5 

4.0 

4.0 

4.0 

6.0 

5.5 

5.5 

5.5 

Vjn  =  GND  |lou,|<4.0mA 

4.5 

3.86 

3.76 

3.70 

lout|<5.2mA 

6.0 

5.36 

5.26 

5.20 

vol 

Maximum  Low-Level  Output 

vin  =  vCc 

2.0 

0.2 

0.2 

0.2 

V 

Voltage 

|lout|<20,lA 

4.5 

0.5 

0.5 

0.5 

6.0 

0.5 

0.5 

0.5 

Vin  =  VCC  |lout|s4.0mA 

4.5 

0.32 

0.37 

0.40 

|l0ut|s5.2  mA 

6.0 

0.32 

0.37 

0.40 

'in 

Maximum  Input  Leakage  Current 

Vin  =  VCC  or  GND 

6.0 

±0.1 

±1.0 

±1.0 

«A 

'cc 

Maximum  Quiescent  Supply 

Vin  =  Vcc  or  GND 

6.0 

2 

20 

40 

Current  (per  Package) 

lOut  =  0  pA 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
*  For  VCC  =  2.0  V,  V0ut  =  0.2  V  or  VCC  -  0.2  V. 
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VCC 

Guaranteed  Limit 

Symbol 

Parameter 

25°C  to 

Unit 

V 

-55°C 

<85°C 

<125°C 

tPLH- 

Maximum  Propagation  Delay,  Input  A  to  Output  Y 

2.0 

80 

100 

120 

ns 

tPHL 

(Figures  1  and  2) 

4.5 

16 

20 

24 

6.0 

14 

17 

20 

'TLH. 

Maximum  Output  Transition  Time,  Any  Output 

2.0 

75 

95 

110 

ns 

'THL 

(Figures  1  and  2) 

4.5 

15 

19 

22 

6.0 

13 

16 

19 

Cin 

Maximum  Input  Capacitance 

10 

10 

10 

PF 

NOTES: 


1 .  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


Power  Dissipation  Capacitance  (Per  Inverter) 

Typical  @  25°C,  VCC  =  5.U  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 
PD  =  CPD  Vcc2f+lcc  VCC 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

15 

pF 

INPUT  A 


tPHL 


OUTPUT  Y 


TEST  POINT 


GND 


-'PLH 


■\  90%  f  

\w  / 

4    U—  — H    I-*—  >TLH 


<THL— H  (■*—  — H  h<—  'TLH 
Figure  1.  Switching  Waveforms 


*lncludes  all  probe  and  jig  capacitance. 
Figure  2.  Test  Circuit 


LOGIC  DETAIL 
(1/6  of  Device  Shownl 

VCC 


1 
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TYPICAL  APPLICATIONS 


Crystal  Oscillator 
 WV  


1/6  HCU04 


hQi- 


R2>  >Rl 
Ci<C2 


:c2 


Stable  RC  Oscillator 


1(6  HCU04    1/6  HCU04      1/6  HCU04 

rl>4>H> 


"2 


Hi 

■AAA  ' 


-»«it 


Schmitt  Trigger 


High  Input  Impedance  Single-Stage  Amplifier 
with  a  2  to  6  V  Supply  Range 


"1 

vin — Wv- 


«2 

-AW 


1/6  HCU04  1/6HCU04 


R2>6R] 
**vout 


1/6  HCU04 
INPUT  i  £]>0  OUTP 

>1 


Multi-Stage  Amplifier 


LED  Driver 


1/6  HCU04      1/6  HCU04      1/6  HCU04 
INPUT  *  P>0   J>0  \J>0  OUTPUT 


For  reduced  power  supply  current,  use  high-efficiency  LEDs 
such  as  the  Hewlett-Packard  HLMP  series  or  equivalent. 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL  DATA 


Product  Preview 

Hex  Inverter  with  Open-Drain 
Outputs 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC05  is  identical  in  pinout  to  the  LS05.  The  device  inputs  are  com- 
patible with  standard  CMOS  outputs;  with  pullup  resistors,  they  are  compatible  with 
LSTTL  outputs. 

Each  of  the  HC05  outputs  is  fabricated  using  a  high-performance  MOS  N-channel 
transistor.  Therefore,  with  a  suitable  output  pullup  resistor,  this  gate  can  be  used  in 
wired-AND  applications.  Using  the  output  characteristic  curves  given  in  this  data 
sheet,  this  device  can  be  used  as  an  LED  driver,  or  in  any  application  that  only  re- 
quires a  sinking  current. 

•  Output  Drive  Capability:  10  LSTTL  Loads  -  with  Suitable  Pullup  Resistor 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1  fiA 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  36  FETs  or  9  Equivalent  Gates 


MC54/74HC05 


J  SUFFIX 
CERAMIC 
CASE  632 


N  SUFFIX 
PLASTIC 
CASE  646 


D  SUFFIX 

SOIC 
CASE  751A 


ORDERING  INFORMATION 

MC74HCXXN  Plastic 
MC54HCXXJ  Ceramic 
MC74HCXXD  SOIC 


TA=  -55°  to  125°C  for  all 
Dimensions  in  Chapter  7. 


LOGIC  DIAGRAM 


1,3,5,9.11,13 


PIN  14  =  VCC 
PIN  7  =  GND 

*Denotes  open-drain  outputs. 


PIN  ASSIGNMENT 


FUNCTION  TABLE 


Input 

Output 

A 

Y 

L 

z 

H 

L 

Z  =  high  impedance 


This  document  contains  information  on  a  product  under  development.  Motorola  reserves  the  right  to  change  or  discontinue  this  product  without  notice. 
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MC54/74HC05 


MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

-0.5  to  +7.0 

V 

Vin 

DC  Input  Voltage  (Referenced  to  GND) 

-1.5  to  Vcc+  1.5 

V 

Vout 

DC  Output  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc +0.5 

V 

hn 

DC  Input  Current,  per  Pin 

±20 

mA 

'out 

DC  Output  Current,  per  Pin 

±25 

mA 

ice 

DC  Supply  Current,  Vcc  and  GND  pins 

±50 

mA 

PD 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tstq 

Storage  Temperature 

-65  to  +150 

°C 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°C 

*Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
tDerating  -  Plastic  DIP:  - 10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -  10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjn  and 
Vout  should  be  constrained  to  the 
range  GND<(Vin  or  Vout)<VCC- 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  VqC'1-  Unused 
outputs  must  be  left  open. 


RECOMMENDED  OPERAT 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  {Referenced  to  GND) 

0 

vcc 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

tr.  tf 

Input  Rise  and  Fall  Time                          Vcc  =  2.0  V 
(Figure  1)  VCC=4.5V 

VCC  =  6.0  V 

0 
0 
0 

1000 
500 
400 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 


vCc 

Guaranteed  Limit 

Symbol 

Parameter 

Test  Conditions 

25°C  to 

Unit 

V 

-55°C 

<85°C 

<125°C 

V|H 

Minimum  High-Level  Input 

Vout  =  0.1  V 

2.0 

1.5 

1.5 

1.5 

V 

Voltage 

lloutl^O,^ 

4.5 

3.15 

3.15 

3.15 

6.0 

4.2 

4.2 

4.2 

V|L 

Maximum  Low-Level  Input 

Vout  =  VCC  -0.1V 

2.0 

0.3 

0.3 

0.3 

V 

Voltage 

|lout|<20^A 

4.5 

0.9 

0.9 

0.9 

Rpu  per  Figure  2 

6.0 

1.2 

1.2 

1.2 

vol 

Maximum  Low-Level  Output 

Vin  =  VIH 

2.0 

0.1 

0.1 

0.1 

V 

Voltage 

|loutl^20^A 

4.5 

0.1 

0.1 

0.1 

6.0 

0.1 

0.1 

0.1 

Vin  =  V|H  |lout|s4.0mA 

4.5 

0.26 

0.33 

0.40 

|lout|s5.2  mA 

6.0 

0.26 

0.33 

0.40 

■in 

Maximum  Input  Leakage  Current 

Vin  =  VCC  °r  GND 

6.0 

±0.1 

±1.0 

±10 

pA 

ice 

Maximum  Quiescent  Supply 

Vin  =  VCC  or  GND 

6.0 

2 

20 

40 

«A 

Current  (per  Package) 

lout  =  0^A 

ioz 

Maximum  Output  Leakage 

A  =  V,L 

6.0 

±0.5 

±5.0 

±10.0 

«A 

Current 

Vout  =  Vcc  or  GND 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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Vcc 
V 

Projected  Limit 

Symbol 

Parameter 

25°Cto 
-56°C 

s86°C 

<12S«C 

Unit 

tpLZ, 
<PZL 

Maximum  Propagation  Delay,  Input  A  to  Output  Y 
(Figures  1  and  21 

2.0 
4.5 
6.0 

100 
20 
17 

125 
25 
21 

150 
30 
26 

ns 

>THL 

Maximum  Output  Transition  Time,  Any  Output 
(Figures  1  and  21 

2.0 
4.5 
6.0 

75 
15 
13 

95 
19 
16 

110 
22 
19 

ns 

Cin 

Maximum  Input  Capacitance 

10 

10 

10 

pF 

Cout 

Maximum  Three-State  Output  Capacitance  (Output  in  High-Impedance 
State! 

10 

10 

10 

pF 

NOTES: 

1.  For  propagation  delays  with  toads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


CPD 

Power  Dissipation  Capacitance  (Per  Inverter) 

Typical  @  2S°C,  VCC  =  5  0  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 
PD  =  Cpo  Vcc^+lcC  VCC 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

TBD 

pF 

INPUT  A 


OUTPUT  Y 


90% 
50% 
10% 


tr  — H  h«-tf 

:  V 


-vcc 

-GND 


Figure  1.  Switching  Waveforms 


o 

DEVICE 

OUTPUT 

UNDER 

TEST 

*lncludes  all  probe  and  jig  capacitance. 
Figure  2.  Test  Circuit 


25 


CAL 
5°C 

vc 

C  =  5  V 

T 

=  25°C 

T  =  85°C 

T 

=  125°C 

EXPEC1 

E0  MINIMUM 

• 

112  3  4 

V0,  OUTPUT  VOLTAGE,  (VOLTS) 

*The  expected  minimum  curves  are  not  guarantees, 
but  are  design  aids. 

Figure  3.  Open-Drain  Output  Characteristics 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL  DATA 


Product  Preview 

Hex  Inverter  with  Open-Drain 
Outputs  and  LSTTL-Compatible 
Inputs 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HCT05  may  be  used  as  a  level  converter  for  interfacing  TTL  or 
NMOS  outputs  to  High-Speed  CMOS  inputs. 
The  HCT05  is  identical  in  pinout  to  the  LS05. 

Each  of  the  HCT05  outputs  is  fabricated  using  a  high-performance  MOS 
N-channel  transistor.  Therefore,  with  a  suitable  output  pullup  resistor,  this  gate  can 
be  used  in  wired-AND  applications.  Using  the  output  characteristic  curves  given  in 
this  data  sheet,  this  device  can  be  used  as  an  LED  driver,  or  in  any  application  that 
only  requires  a  sinking  current. 

•  Output  Drive  Capability:  10  LSTTL  Loads  -  with  Suitable  Pullup  Resistor 

•  TTL/NMOS-Compatible  Input  Levels 

•  Operating  Voltage  Range:  4.5  to  5.5  V 

•  Low  Input  Current:  1  yA. 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  48  FETs  or  12  Equivalent  Gates 


LOGIC  DIAGRAM 


MC54/74HCT05 


J  SUFFIX 
CERAMIC 
CASE  632 


N  SUFFIX 
PLASTIC 
CASE  646 


D  SUFFIX 

SOIC 
CASE  7S1A 


ORDERING  INFORMATION 

MC74HCTXXN  Plastic 
MC54HCTXXJ  Ceramic 
MC74HCTXXD  SOIC 

Ta=  -  55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 


1,3,5,9.11,13 


UT  I 

on  A 

IDE  1 

D>~D> — 


OUTPUT  . 
PROTECTION  A 
DIODE  T 


2.4.6,8.10,12 


PIN  ASSIGNMENT 


PIN  14  =  VCC 
PIN  7  =  GNO 

♦Denotes  open-drain  outputs. 


FUNCTION  TABLE 


Input 

Output 

A 

Y 

L 

Z 

H 

L 

Z=high  impedance 


This  document  contains  information  on  a  product  under  development.  Motorola  reserves  the  right  to  change  or  discontinue  this  product  without  notice. 
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MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

n  k  tn     7  n 
—  u.s  to  +  /  .u 

vin 

DC  Input  Voltage  (Referenced  to  GND) 

- 1  -o  to  vcc  ' 

V 

Vout 

DC  Output  Voltage  (Referenced  to  GNDI 

-0.5  to  Vcc +  0.5 

V 

■in 

DC  Input  Current,  per  Pin 

±20 

mA 

'out 

DC  Output  Current,  per  Pin 

±25 

mA 

ice 

DC  Supply  Current,  Vcc  and  GND  pins 

±50 

mA 

PD 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tstq 

Storage  Temperature 

-65  to  + 150 

°C 

TL 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIPI 

260 
300 

°C 

*  Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
tDerating  -  Plastic  DIP:  - 10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -  10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjn  and 
V0ut  should  be  constrained  to  the 
range  GND<(Vin  or  VoutisVCC- 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  Vcc'-  Unused 
outputs  must  be  left  open. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GNDI 

4.5 

5.5 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GNDI 

0 

vcc 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

*r.  tf 

Input  Rise  and  Fall  Time  (Figure  1) 

0 

500 

ns 

DC  ELECTRICAL  CHARACTERISTICS  [Voltages  Referenced  to  GNDI 


vCc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

Test  Conditions 

25°C  to 
-55°C 

S85°C 

<125°C 

Unit 

V|H 

Minimum  High-Level  Input 
Voltage 

Vout  =  0.1  V 
|lout|<20^A 

4.5 

5.5 

2.0 
2.0 

2.0 
2.0 

2.0 
2.0 

V 

VlL 

Maximum  Low-Level  Input 
Voltage 

Vout  =  VCC -0.1  V 

|loutl  -20        Rpu  Per  Fi9ure  2 

4.5 
5.5 

0.8 
0.8 

0.8 
0.8 

0.8 
0.8 

V 

vol 

Maximum  Low-Level  Output 
Voltage 

Vin=V|H 

I  lout!  s  20  ,iA 

4.5 
5.5 

0.1 
0.1 

0.1 
0.1 

0.1 
0.1 

V 

Vin  =  V|H 
|lout|<4.0  mA 

4.5 

0.26 

0.33 

0.40 

■in 

Maximum  Input  Leakage  Current 

Vin  =  Vcc  0'  GND 

5.5 

±0.1 

±1.0 

±1.0 

(•A 

ice 

Maximum  Quiescent  Supply 
Current  (per  Package) 

Vin  =  Vcc  or  GND 
lout  =  0^A 

5.5 

2 

20 

40 

«A 

ioz 

Maximum  Output  Leakage 
Current 

A  =  V|L 

Vout  =  vCC  or  GND 

5.5 

±0.5 

±5.0 

±10.0 

Alec 

Additional  Quiescent  Supply 

V|n  =2.4  V,  Any  One  Input 

>  -55°C 

25°C  to  1250C 

Current 

Vin  =  Vcc  or  GND-  0ther  Inputs 

5.5 

2.9 

2.4 

mA 

NOTES: 

1 .  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 

2.  Total  Supply  Current  =lec  +  EAIcc- 
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AC  ELECTRICAL  CHARACTERISTICS  (Vcc  =  5.0  V  ±10%,  CL  =  50  pF,  Input  tr  =  tf  =  6  ns) 


Symbol 

Parameter 

Projected  Limit 

Unit 

2S°Cto 
-55°C 

<85°C 

<12S'>C 

tpLZ. 
»PZL 

Maximum  Propagation  Delay,  Input  A  to  Output  Y 
(Figures  1  and  2) 

22 

28 

33 

ns 

THL 

Maximum  Output  Transition  Time,  Any  Output 
(Figures  1  and  2) 

IS 

19 

22 

ns 

Cin 

Maximum  Input  Capacitance 

10 

10 

10 

pF 

cout 

Maximum  Three-State  Output  Capacitance  (Output  in  High-Impedance  State) 

10 

10 

10 

pF 

NOTES: 

1 .  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


CPD 

Power  Dissipation  Capacitance  (Per  Inverter) 

Typical  @  25°C,  Vcc  =  5  0  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 

PD  =  CpD  Vcr^f+ICC  VCC 

TBD 

pF 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

Figure  1.  Switching  Waveforms  Figure  2.  Test  Circuit 


0  1  2  3  4  5 

Vn,  OUTPUT  VOLTAGE,  (VOLTS) 

*The  expected  minimum  curves  are  not  guarantees, 
but  are  design  aids. 

Figure  3.  Open-Drain  Output  Characteristics 
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Quad  2-lnput  AND  Gate 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC08  is  identical  in  pinout  to  the  LS08.  The  device  inputs  are  com- 
patible with  standard  CMOS  outputs;  with  pullup  resistors,  they  are  compatible  with 
LSTTL  outputs. 

•  Output  Drive  Capability:  10  LSTTL  Loads 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1  nA 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7  A 

•  Chip  Complexity:  24  FETs  or  6  Equivalent  Gates 


J  SUFFIX 
CERAMIC 
CASE  632 


N  SUFFIX 
PLASTIC 
CASE  646 


D  SUFFIX 

SOIC 
CASE  7S1A 


ORDERING  INFORMATION 

MC74HCXXN  Plastic 
MC54HCXXJ  Ceramic 
MC74HCXXD  SOIC 

Ta=  -55°  to  125°C  for  all  packages 

Dimensions  in  Chapter  7. 


LOGIC  DIAGRAM 


A2  ■ 


B2  ■ 


-Y2 


Y  -  AB 


PIN  ASSIGNMENT 

1»CC 


PIN  14=VCC 
PIN  7  =  GNO 


FUNCTION  TABLE 


Inputs 

Output 

A  6 

Y 

L  L 

L 

L  H 

L 

H  L 

L 

H  H 

H 
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MC54/74HC08 


MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vrr 

DC  Supply  Voltage  (Referenced  to  GND) 

-0.5  to  +7.0 

V 

Vir, 

v  in 

DC  Input  Voltage  (Referenced  to  GND) 

-  1.5  to  Vrr+  1.5 

V 

Vout 

DC  Output  Voltage  (Referenced  to  GNDI 

-0.5  to  Vcc +  0.5 

V 

l-m 

DC  Input  Current,  per  Pin 

±20 

mA 

'out 

DC  Output  Current,  per  Pin 

±25 

mA 

ice 

DC  Supply  Current  Vcc  and  GND  Pins 

±50 

mA 

pd 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tstq 

Storage  Temperature 

-65  to  +150 

°C 

TL 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°C 

*Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
tDerating  -  Plastic  DIP:  -  10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -  10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjn  and 
vout  should  be  constrained  to  the 
range  GND  <{Vjn  or  Vout)  <VCC. 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  Vqc).  Unused 
outputs  must  be  left  open. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

M  in 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

vcc 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

tr.  tf 

Input  Rise  and  Fall  Time 
(Figure  1) 

VCc  =2.0  V 
VCC  =  4.5  V 
VCC  =  6.0  V 

0 
0 
0 

1000 
500 
400 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 

VCC 
V 

Guaranteed  Limit 

Symbol 

Parameter 

Test  Conditions 

25°  C  to 
-55°C 

S85°C 

<125"C 

Unit 

V|H 

Minimum  High-level  Input 
Voltage 

Vout  =  0.1  Vor  VCC  "0.1  V 
I'out!  ^20 

2.0 
4.5 
6.0 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

V 

VlL 

Maximum  Low- Level  Input 
Voltage 

Vou,  =  0.1  Vor  Vcc-0.1  V 
lloutl^O^A 

2.0 
4.5 
6.0 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

V 

VOH 

Minimum  High-Level  Output 
Voltage 

Vin  =  V|H  or  V,L 
|iOut|s20,iA 

2.0 
4.5 
6.0 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

V 

Vin  =  V|H  or  V|L 

|lout|<4.0  mA 
lout|<5.2  mA 

4.5 
6.0 

3.98 
5.48 

3.84 
5.34 

3.70 
5.20 

vol 

Maximum  Low-Level  Output 
Voltage 

vin  =  V|H  or  V|L 
|lout|<20,»A 

2.0 
4.5 
6.0 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

V 

vin  =  V|H  °r  VIL 

'out  s 
I 'cutis 

4.0  mA 
5.2  mA 

4.5 
6.0 

0.26 
0.26 

0.33 
0.33 

0.40 
0.40 

'in 

Maximum  Input  Leakage  Current 

Vin  =  VcC  or  GND 

6.0 

±0.1 

±1.0 

±  10 

eA 

ice 

Maximum  Quiescent  Supply 
Current  (per  Package) 

Vin  =  VCC  or  GND 
lout  =  0  iiA 

6.0 

2 

20 

40 

PA 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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AC  ELECTRICAL  CHARACTERISTICS  (CL-50  pF,  Input  tr^tf  =  6  ns) 


vcc 

Guaranteed  Limit 

Symbol 

Parameter 

25°  C  to 
-55°C 

5=85°C 

<125°C 

Unit 

lPLH' 
tPHL 

Maximum  Propagation  Delay,  Input  A  or  B  to  Output  Y 
(Figures  1  and  2) 

2.0 
4.5 
6.0 

120 
24 
20 

150 
30 
26 

180 

ns 

tTLH- 
tTHL 

Maximum  Output  Transition  Time,  Any  Output 
(Figures  1  and  2) 

2.0 
4.5 
6.0 

75 
15 
13 

95 
19 
16 

110 

22 
19 

ns 

Maximum  Input  Capacitance 

10 

10 

10 

PF 

NOTES: 

1.  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 

CpD 

Power  Dissipation  Capacitance  (Per  Gate) 

Typical  ( 

3  2S°C.  VCC  =  5.0  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 
PD  =  CPD  Vcc2f+lCC  VCC 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

20 

pF 

Figure  t.  Switching  Waveforms  Figure  2.  Test  Circuit 
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EXPANDED  LOGIC  DIAGRAM 

(%  of  the  Device) 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL  DATA 


Triple  3-lnput  NAND  Gate 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC10  is  identical  in  pinout  to  the  LS10.  The  device  inputs  are  com- 
patible with  standard  CMOS  outputs;  with  pullup  resistors,  they  are  compatible  with 
LSTTL  outputs. 

•  Output  Drive  Capability:  10  LSTTL  Loads 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1  /iA 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  36  FETs  or  9  Equivalent  Gates 


LOGIC  DIAGRAM 


Y  =  ABC 


PIN  14=VCC 
PIN  7  =  GND 


MC54/74HC10 


J  SUFFIX 
CERAMIC 
CASE  632 


N  SUFFIX 
PLASTIC 
CASE  646 


D  SUFFIX 

SOIC 
CASE  751A 


ORDERING  INFORMATION 

MC74HCXXN  Plastic 
MC54HCXXJ  Ceramic 
MC74HCXXD  SOIC 

T^=  -55°  to  125°C  for  all  packages. 

Dimensions  in  Chapter  7. 


PIN  ASSIGNMENT 


FUNCTION  TABLE 


Inputs 

Output 

A 

B 

C 

Y 

L 

X 

X 

H 

X 

L 

X 

H 

X 

X 

L 

H 

H 

H 

H 

L 
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value 

unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

-0.5  to  +7.0 

V 

Vin 

DC  Input  Voltage  (Referenced  to  GND) 

-1.5  to  Vcc +  1-5 

V 

Vout 

DC  Output  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc +  0.5 

V 

hn 

DC  Input  Current,  per  Pin 

±20 

mA 

'out 

DC  Output  Current,  per  Pin 

±25 

mA 

'cc 

DC  Supply  Current,  Vcc  ano  GND  Pins 

±50 

mA 

?0 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tstg 

Storage  Temperature 

-65  to  +150 

°C 

T|_ 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°C 

♦Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
tDerating  -  Plastic  DIP:  -  10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  - 10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjn  and 
vout  should  be  constrained  to  the 
range  GND<(Vin  or  Vout)<VCC. 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  Vcc)-  Unused 
outputs  must  be  left  open. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

vcc 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

tr.  <f 

Input  Rise  and  Fall  Time                          Vcc  =  2.0V 
(Figure  1)                                          VCc  =  4.5V 

VCC  =  6.0  V 

0 
0 
0 

1000 
500 
400 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 


Symbol 

Parameter 

Test  Conditions 

vCc 

V 

Guaranteed  Limit 

Unit 

25°C  to 
-55°C 

<85°C 

<125°C 

V|H 

Minimum  High-Level  Input 
Voltage 

Vout  =  0.1  VorVcc-0.1  V 
|lout|<20xA 

2.0 
4.5 
6.0 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

V 

V|L 

Maximum  Low-Level  Input 
Voltage 

Vout  =  0.1  Vor  Vcc-0.1  V 
|lout|s20  nf\ 

2.0 
4.5 
6.0 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

0.3 
0.9 

1.2 

V 

V0H 

Minimum  High-Level  Output 
Voltage 

vin  =  vIH  °r  V|L 
|lout|s20)IA 

2.0 
4.5 
6.0 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

V 

Vin  =  V|HorV|L  jlou,|£4.0mA 
|lou,|  S5.2  mA 

4.5 
6.0 

3.98 
5.48 

3.84 
5.34 

3.70 
5.20 

vol 

Maximum  Low-Level  Output 
Voltage 

Vin  =  V|H  or  V|L 
|lout|  s20  aiA 

2.0 
4.5 
6.0 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

V 

Vin  =  V|HorV|L  |lou,|<4.0mA 
|lou,|s5.2  mA 

4.5 
6.0 

0.26 
0.26 

0.33 
0.33 

0.40 
0.40 

'in 

Maximum  Input  Leakage  Current 

Vin  =  VCC  or  GND 

6.0 

±0.1 

±1.0 

±10 

„A 

ice 

Maximum  Quiescent  Supply 
Current  (per  Package) 

Vin  =  VCC  or  GND 
lout  =  0„A 

6.0 

2 

20 

40 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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AC  ELECTRICAL  CHARACTERISTICS  (CL  =  50  pF,  Input  tr^tf  =  6  nsl 


V 

Guaranteed  Limit 

Symbol 

Parameter 

25°  C  to 
-55°C 

<85°C 

<125°C 

Unit 

tpLH- 
tPHL 

Maximum  Propagation  Delay,  Input  A,  B,  or  C  to  Output  Y 
(Figures  1  and  2) 

2.0 
4.5 
6.0 

95 
19 
16 

120 
24 
20 

145 
29 
25 

ns 

tTLH- 
^THL 

Maximum  Output  Transition  Time,  Any  Output 
(Figures  1  and  2) 

 1 

2.0 
4.5 
6.0 

75 
15 
13 

95 
19 
16 

110 
22 
19 

ns 

Maximum  Input  Capacitance 

10 

10 

10 

pF 

NOTES: 


1.  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


CPD 

Power  Dissipation  Capacitance  (Per  Gate) 

Typical  @  2S°C.  Vcc  =  5.0  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 

PD  =  CPD  V<;c2f  +  ICC  VCC 

25 

PF 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

INPUT  9°* 
A,  B,  OR  C  1 


OUTPUT  V 


IP 


■tPLH 


"'PHI 


 \ 

\  

*  tTHL— H  U~ 


'TLH" 


Figure  1.  Switching  Waveforms 


TEST  POINT 

DEVICE 

OUTPUT 

GND 

UNDER 
TEST 

r 

*lncludes  all  probe  and  jig  capacitance. 
Figure  2.  Test  Circuit 


EXPANDED  LOGIC  DIAGRAM 

(V4  of  the  Device) 


>4> 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL  DATA 


Triple  3-lnput  AND  Gate 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC11  is  identical  in  pinout  to  the  LS11.  The  device  inputs  are  com- 
patible with  standard  CMOS  outputs;  with  pullup  resistors,  they  are  compatible  with 
LSTTL  outputs. 

•  Output  Drive  Capability:  10  LSTTL  Loads 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1  fiA 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  60  FETs  or  15  Equivalent  Gates 


MC54/74HC11 


J  SUFFIX 
CERAMIC 
CASE  632 


N  SUFFIX 
PLASTIC 
CASE  646 


D  SUFFIX 

SOIC 
CASE  751A 


ORDERING  INFORMATION 

MC74HCXXN  Plastic 
MC54HCXXJ  Ceramic 
MC74HCXXD  SOIC 

Ta=  -55°  to  125°C  for  all  packages. 

Dimensions  in  Chapter  7. 


LOGIC  DIAGRAM 


A1 
Bl 
CI  ■ 


A2  - 
B2  ■ 
C2  ■ 


■  Y2     r=  ABC 


PIN  ASSIGNMENT 


S3E 


PIN  1 4  =  VCC 
PIN  7  =  GNO 


FUNCTION  TABLE 


Inputs 

Output 

A 

B 

C 

Y 

L 

X 

X 

L 

X 

L 

X 

L 

X 

X 

L 

L 

H 

H 

H 

H 
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MC54/74HC11 


MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

VCC 

DC  Supply  Voltage  (Referenced  to  GND) 

—  u.o  to  +  /  .u 

Vin 

DC  Input  Voltage  (Referenced  to  GND) 

—  i  .o  to  vcc 

Vout 

DC  Output  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc +  0.5 

V 

im 

DC  Input  Current,  per  Pin 

±20 

mA 

'out 

DC  Output  Current,  per  Pin 

±25 

mA 

ice 

DC  Supply  Current,  Vcc  and  GND  Pins 

±50 

mA 

PD 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tstq 

Storage  Temperature 

-65  to  +150 

°C 

TL 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°C 

♦Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
TDerating  -  Plastic  DIP:  -10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  V,n  and 
V0ut  should  be  constrained  to  the 
range  GND  <(Vjn  or  Vout)<VCC. 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
{e.g.,  either  GND  or  Vcc>-  Unused 
outputs  must  be  left  open. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vCc 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

vcc 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

V.  tf 

Input  Rise  and  Fall  Time                             Vcc  =  2.0V 
(Figure  11  Vcc=4.5V 

VCC  =  6.0  V 

0 

0 

o 

1000 
500 
400 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 


Vcc 

Guaranteed  Limit 

Symbol 

Parameter 

Test  Conditions 

25°C  to 

s125°C 

Unit 

V 

-5S°C 

<85°C 

V|H 

Minimum  High-Level  Input 

Vput =0.1  Vor  VCC- 

-0.1  V 

2.0 

1.5 

1.5 

1.5 

V 

Voltage 

|lout|==20;<A 

4.5 

3.15 

3.15 

3.15 

6.0 

4.2 

4.2 

4.2 

V|L 

Maximum  Low-Level  Input 

Vout  =  0.1  Vor  VCC- 

-0.1  V 

2.0 

0.3 

0.3 

0.3 

V 

Voltage 

Hout|s20MA 

4.5 

0.9 

0.9 

0.9 

6.0 

1.2 

1.2 

1.2 

VOH 

Minimum  High-Level  Output 

Vin  =  V|H  or  V|L 

2.0 

1.9 

1.9 

1.9 

V 

Voltage 

|lou,|<20,iA 

4.5 

4.4 

4.4 

4.4 

6.0 

5.9 

5.9 

5.9 

Vin  =  VIH  or  V,L 

|lou,|<4.0  mA 

4.5 

3.98 

3.84 

3.70 

|lout|<5.2  mA 

6.0 

5.4S 

5.34 

5.20 

vol 

Maximum  Low-Level  Output 

Vin  =  V|H  or  VtL 

2.0 

0.1 

0.1 

0.1 

V 

Voltage 

|Iou,|s20mA 

4.5 

0,1 

0.1 

0.1 

6.0 

0.1 

0.1 

0.1 

V|n  =  V|H  or  V|L 

|lout|s4.0  mA 

4.5 

0.26 

0.33 

0.40 

|lout|s5.2  mA 

6.0 

0.26 

0.33 

0.40 

■in 

Maximum  Input  Leakage  Current 

Vin  =  VCC  or  GND 

6.0 

±0.1 

±1.0 

±1.0 

/.A 

ice 

Maximum  Quiescent  Supply 

Vin  =  VCC  or  GND 

6.0 

2 

20 

40 

/"A 

Current  (per  Package) 

lout  =  0/i  A 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2, 
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vcc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

25°C  to 
-55°C 

<85°C 

Unit 

1PLH< 
tPHL 

Maximum  Propagation  Delay,  Input  A,  B,  or  C  to  Output  Y 
(Figures  1  and  2) 

2.0 
4.5 
6.0 

125 
25 
21 

155 
31 
26 

190 
38 
32 

ns 

'TLH. 
«THL 

Maximum  Output  Transition  Time,  Any  Output 
(Figures  1  and  2} 

2.0 
4.5 
6.0 

75 
15 
13 

95 
19 
16 

110 
22 
19 

ns 

Cin 

Maximum  Input  Capacitance 

10 

10 

10 

pF 

NOTES: 

1.  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


CPD 

Power  Dissipation  Capacitance  (Per  Gatel 

Typical  @  25°C,  Vcc  =  5.0  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 
PD  =  CpD  Vcc2f  +  ICC  Vcc 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

27 

pF 

Figure  1.  Switching  Waveforms  Figure  2.  Test  Circuit 


EXPANDED  LOGIC  DIAGRAM 

( '/>  of  the  Device) 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL  DATA 


MC54/74HC14 


Hex  Schmitt-Trigger  Inverter 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC14  is  identical  in  pinout  to  the  LS14,  LS04,  and  HC04.  The  de- 
vice inputs  are  compatible  with  standard  CMOS  outputs;  with  pullup  resistors,  they 
are  compatible  with  LSTTL  outputs. 

The  MC54/74HC14  is  useful  to  "square  up"  slow  input  rise  and  fall  times.  Due  to 
the  hysteresis  voltage  of  the  Schmitt  trigger,  the  HC14  finds  applications  in  noisy 
environments. 

•  Output  Drive  Capability:  10  LSTTL  Loads 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1  nA 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  60  FETs  or  15  Equivalent  Gates 


LOGIC  DIAGRAM 

AI-L-JiT^O-^-Yl 


J  SUFFIX 
CERAMIC 
CASE  632 


N  SUFFIX 
PLASTIC 
CASE  646 


D  SUFFIX 

SOIC 
CASE  751A 


ORDERING  INFORMATION 

MC74HCXXN  Plastic 
MC54HCXXJ  Ceramic 
MC74HCXXD  SOIC 

Ta=  -55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 


A4-HJJ. 


Y3 


Y4 


Y  =  A 


PIN  ASSIGNMENT 

]vCc 


A6- 


U»H-Y6 


PIN  14=VCC 
PIN  7  =  GN0 


FUNCTION  TABLE 


Input 

Output 

A 

Y 

L 

H 

H 

L 
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MC54/74HC14 


MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

vCc 

DC  Supply  Voltage  (Referenced  to  GND) 

-0.5  to  +7.0 

V 

Vin 

DC  Input  Voltage  (Referenced  to  GND) 

- 1.5  to  Vcc+1-5 

V 

Vout 

DC  Output  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc  +  0.5 

V 

■in 

DC  Input  Current,  per  Pin 

±20 

mA 

'out 

DC  Output  Current,  per  Pin 

ice 

DC  Supply  Current,  Vcc  and  GND  Pins 

±50 

mA 

PD 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tstg 

Storage  Temperature 

-65  to  +150 

°C 

TL 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°C 

This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjn  and 
Vout  should  be  constrained  to  the 
range  GND  <  (Vjn  or  Vout)<VCC. 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  VqO-  Unused 
outputs  must  be  left  open. 


♦Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
tDerating  -  Plastic  DIP:  -10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -  10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

vcc 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

V  tf 

Input  Rise  and  Fall  Time  (Figure  1) 

No 
Limit* 

ns 

•When  Vin  N  50%  VCc,  ICC>1  mA. 
DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 


VCC 

Guaranteed  Limit 

Symbol 

Parameter 

Test  Conditions 

25°  C  to 

s125°C 

Unit 

V 

-55°C 

S86°C 

Vy  +  max 

Maximum  Positive-Going 

VOut  =  0.1  V 

2.0 

1.50 

1.50 

1.50 

V 

Input  Threshold  Voltage 

|lou,|<20,^ 

4.5 

3.15 

3.15 

3.15 

(Figure  3) 

6.0 

4.20 

4.20 

4.20 

V"r  +  min 

Minimum  Positive-Going 

Vout  =  0.1V 

2.0 

1.00 

0.95 

0.95 

V 

Input  Threshold  Voltage 

I'outl 520  «* 

4.5 

2.30 

2.25 

2.25 

(Figure  3) 

6.0 

3.00 

2.95 

2.95 

Vy_max 

Maximum  Negative-Going 

Vout  =  VCC-0.1  V 

2.0 

0.90 

0.95 

0.95 

V 

Input  Threshold  Voltage 

|lout|<20^A 

4.5 

2.00 

2.05 

2.05 

(Figure  3) 

6.0 

2.60 

2.65 

2.65 

V-j-_min 

Minimum  Negative-Going 

Vout = vcc  -o.i  y 

2.0 

0.30 

0.30 

0.30 

V 

Input  Threshold  Voltage 

|loutls20^A 

4.5 

0.90 

0.90 

0.90 

(Figure  3) 

6.0 

1.20 

1.20 

1.20 

Vnmax 

Maximum  Hysteresis  Voltage 

VOut  =  0-1  V  or  VCC -0.1  V 

2.0 

1.20 

1.20 

1.20 

V 

Note  2 

(Figure  3) 

|lout|s20^A 

4.5 

2.25 

2.25 

2.25 

6.0 

3.00 

3.00 

3.00 

Vnmin 

Minimum  Hysteresis  Voltage 

Vout  =  0.1  VorVcc-0.1  V 

2.0 

0.20 

0.20 

0.20 

V 

Note  2 

(Figure  3) 

|loutN20^ 

4.5 

0.40 

0.40 

0.40 

6.0 

0.50 

0.50 

0.50 

NOTES: 

1 ,  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 

2.  VHmin>(VT  +  min)-(Vy_max);  Vnmax  =  (Vy  +  max)-(Vj_min). 
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DC  ELECTRICAL  CHARACTERISTICS  (Continued) 


Symbol 

Parameter 

Test  Conditions 

VCC 
V 

Guaranteed  Limit 

Unit 

25°C  to 
-55"C 

<85°C 

512S°C 

V0H 

Minimum  High-Level  Output 
Voltage 

VjnsV-r_min 
|lout|<20„A 

2.0 
4.5 
6.0 

1.9 
4.4 

5.9 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

V 

Vin<VT_min  |lout|<4.0mA 
|lout|s5.2  mA 

4.5 
6.0 

3.98 
5.48 

3.84 
5.34 

3.70 
5.20 

Vol 

Maximum  Low-Level  Output 
Voltage 

Vin;>VT+max 
|lout|s20>A 

2.0 
4.5 
6.0 

0.1 
0.1 

0.1 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

V 

Vin&VT+max  |lout|<4.0mA 
|lout|<5.2  mA 

4.5 

6.0 

0.26 
0.26 

0.33 
0.33 

0.40 
0.40 

'in 

Maximum  Input  Leakage  Current 

Vin  =  VcC  or  GND 

6.0 

±0.1 

±1.0 

±1.0 

MA 

ice 

Maximum  Quiescent  Supply 
Current  (per  Package) 

Vin  =  VcC  or  GND 
lout=0/»A 

6.0 

2 

20 

40 

NOTES: 

1 .  information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 

2.  Vnmin > (Vj  +  min) - ( Vj _ max);  VHmax  =  (V-r  +  max)-(V-r_min). 

AC  ELECTRICAL  CHARACTERISTICS  (CL  =  50  pF,  Input  tr  =  tf  =  6  nsl 

Symbol 

Parameter 

Guaranteed  Limit 

Unit 

vCc 

V 

25°C  to 
-SS°C 

s85"C 

tPLH. 
tPHL 

Maximum  Propagation  Delay,  Input  A  to  Output  Y 
(Figures  1  and  21 

2.0 
4.5 
6.0 

125 
25 
21 

155 
31 
26 

190 
38 
32 

ns 

•TLH/ 
<THL 

Maximum  Output  Transition  Time,  Any  Output 
(Figures  1  and  2) 

2.0 
4.5 
6.0 

75 
15 
13 

95 
19 
16 

110 
22 
19 

ns 

Maximum  Input  Capacitance 

10 

10 

10 

pF 

NOTES: 


1 .  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


Cpo 

Power  Dissipation  Capacitance  (Per  inverter) 

Typical  @  25°C,  VCC  =  5.0  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 

PD  =  Cpp  Vcc2f  +  ICC  VCC 

22 

pF 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

90% 
INPUT  A  50%J 
10%  : 


TEST  POINT 


GND 


OUTPUT  Y 


<PLH 

90%l/  \ 

50%/  \ 

-H   K-         'THL    *"1  k- 


'TLH- 


Figure  1.  Switching  Waveforms 


♦Includes  all  probe  and  jig  capacitance. 
Figure  2.  Test  Circuit 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL  DATA 


Dual  4-lnput  NAND  Gate 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC20  is  identical  in  pinout  to  the  LS20.  The  device  inputs  are  com- 
patible with  standard  CMOS  outputs;  with  pullup  resistors,  they  are  compatible  with 
LSTTL  outputs. 

•  Output  Drive  Capability:  10  LSTTL  Loads 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1  >iA 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  28  FETs  or  7  Equivalent  Gates 


MC54/74HC20 


J  SUFFIX 
CERAMIC 
CASE  632 


N  SUFFIX 
PLASTIC 
CASE  646 


D  SUFFIX 

SOIC 
CASE  751A 


ORDERING  INFORMATION 

MC74HCXXN  Plastic 
MC54HCXXJ  Ceramic 
MC74HCXXD  SOIC 

T/\=  -55°  to  125°C  for  all  packages. 

Dimensions  in  Chapter  7. 


LOGIC  DIAGRAM 


2 

to 

12 

13 

V  =  ABCD 


PIN  14  =  VCC 
PIN  7  =  GNO 

PINS  3.  1 1  =  NO  CONNECTION 


PIN  ASSIGNMENT 


NC  =  N0  CONNECTION 


FUNCTION  TABLE 


Inputs 

Output 

A 

B 

C 

D 

Y 

L 

X 

X 

X 

H 

X 

L 

X 

X 

H 

X 

X 

L 

X 

H 

X 

X 

X 

L 

H 

H 

H 

H 

H 

L 
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MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

-0.5  to  +7.0 

V 

Vin 

DC  Input  Voltage  (Referenced  to  GND) 

-  1.5  to  Vcc  +  1-5 

V 

Vout 

DC  Output  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc  +  0.5 

V 

tin 

DC  Input  Current,  per  Pin 

+  20 

mA 

'out 

DC  Output  Current,  per  Pin 

-25 

mA 

ice 

DC  Supply  Current,  Vcc  and  GND  pins 

±50 

mA 

PD 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tstg 

Storage  Temperature 

-65  to  +150 

°C 

Tl 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°C 

♦Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
TDerating  -  Plastic  DIP:  -  10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjn  and 
vout  should  be  constrained  to  the 
range  GND<(Vin  or  V0Utl<VCC- 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  Vqq).  Unused 
outputs  must  be  left  open. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

vcc 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

tr-  tf 


Input  Rise  and  Fall  Time                          Vcc  =  2.0V 
(Figure  11                                          VCC  =  4.5V 

VCc  =  6.0  V 

0 
0 
0 

1000 
500 
400 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 


vcc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

Test  Conditions 

25°  C  to 
-55°C 

S85°C 

<125°C 

Unit 

V|H 

Minimum  High-Level  Input 
Voltage 

Vout  =  0.1  Vor  VCC 
|lout|<20^A 

-0.1  V 

2.0 
4.5 
6.0 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

V 

V|L 

Maximum  Low-Level  Input 
Voltage 

Vout  =  0.1  Vor  VCC 

-0.1  V 

2.0 
4.5 
6.0 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

V 

V0H 

Minimum  High-Level  Output 
Voltage 

Vin  =  V|H  or  V|L 
|l0„t!  S20  ,iA 

2.0 
4.5 
6.0 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

V 

Vin  =  V|H  or  V,L 

|lout|s4.0  mA 
lout|<5.2  mA 

4.5 
6.0 

3.98 
5.48 

3.84 
5.34 

3.70 
5.20 

vol 

Maximum  Low-Level  Output 
Voltage 

Vin  =  V|H  or  V|L 

2.0 
4.5 
6.0 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

V 

Vin  =  V|H  or  V|L 

|lout|  5=4.0  mA 
|lOL,t|<5.2mA 

4.5 
6.0 

0.26 
0.26 

0.33 
0.33 

0.40 
0.40 

'in 

Maximum  Input  Leakage  Current 

Vin  =  Vcc  or  GND 

6.0 

±0.1 

±1.0 

+  1.0 

("A 

ice 

Maximum  Quiescent  Supply 
Current  (per  Package) 

Vin  =  VCc  or  GND 
lout  =  0>A 

6.0 

2 

20 

40 

(•A 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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AC  ELECTRICAL  CHARACTERISTICS  [CL=50  pF,  Input  tr  =  tf  =  6  ns) 


vcc 

Guaranteed  Limit 

Symbol 

Parameter 

25°C  to 

Unit 

V 

«85°C 

£125°C 

-55°C 

<PLH- 

Maximum  Propagation  Delay,  Input  A,  B,  C,  or  D  to  Output  Y 

2.0 

90 

115 

135 

ns 

<PHL 

(Figures  1  and  2) 

4.5 

18 

23 

27 

6.0 

15 

20 

23 

'TLH. 

Maximum  Output  Transition  Time,  Any  Output 

2.0 

75 

95 

110 

ns 

1THL 

(Figures  1  and  2) 

4.5 

15 

19 

22 

6.0 

13 

16 

19 

Cin 

Maximum  Input  Capacitance 

10 

10 

10 

pF 

NOTES: 

1.  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


CPD 

Power  Dissipation  Capacitance  I  Per  Gate) 

Typical  @  25°C.  Vcc  =  5  0  v 

Used  to  determine  the  no-load  dynamic  power  consumption: 

PD  =  CPD  vCC2f  +  >CC  VCC 

26 

pF 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

Figure  T.  Switching  Waveforms  Figure  2.  Test  Circuit 


EXPANDED  LOGIC  DIAGRAM 

iYi  of  the  Device} 


>H>~ 
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Triple  3-lnput  NOR  Gate 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC27  is  identical  in  pinout  to  the  LS27.  The  device  inputs  are  com- 
patible with  standard  CMOS  outputs;  with  pullup  resistors,  they  are  compatible  with 
LSTTL  outputs. 

•  Output  Drive  Capability:  10  LSTTL  Loads 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1  /iA 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  42  FETs  or  10.5  Equivalent  Gates 


J  SUFFIX 
CERAMIC 
CASE  632 


N  SUFFIX 
PLASTIC 
CASE  646 


D  SUFFIX 

SOIC 
CASE  751A 


ORDERING  INFORMATION 

MC74HCXXN  Plastic 
MC54HCXXJ  Ceramic 
MC74HCXXD  SOIC 

Ta  =  -55°  to  125°C  for  all  packages. 

Dimensions  in  Chapter  7. 


LOGIC  DIAGRAM 


A2  ■ 

si  ■ 

C2' 


A3- 
5j  ■ 
C3- 


PIN  14  =  VCC 
PIN  7  =  GND 


Y=A+B+C 


PIN  ASSIGNMENT 

Al  I  1  •  14  p  VCC 

B1[ 
A2[ 
B2[ 
C2[ 
Y2[ 
GN0[ 


FUNCTION  TABLE 


Inputs 

Output 

A 

B 

C 

Y 

L 

L 

L 

H 

X 

X 

H 

L 

X 

H 

X 

L 

H 

X 

X 

L 
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MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

VCC 

DC  Supply  Voltage  (Referenced  to  GND) 

n  k  m  i  i  n 
—  U.J  IU  +  /  .u 

vin 

DC  Input  Voltage  (Referenced  to  GND) 

.J  TO  V QQ  +  1 .0 

Vout 

DC  Output  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc +  0.5 

V 

Nn 

DC  Input  Current,  per  Pin 

±20 

mA 

'out 

DC  Output  Current,  per  Pin 

,25 

mA 

ice 

DC  Supply  Current.  Vcc  and  GND  Pins 

±50 

mA 

Po 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tsta 

Storage  Temperature 

-65  to  +150 

°C 

Tl 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

»c 

♦Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
TDerating  -  Plastic  DIP:  -10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjnand 
Vout  should  be  constrained  to  the 
range  GND  <(Vjn  or  Vout,<VCC- 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
{e.g.,  either  GND  or  Vcc*  Unused 
outputs  must  be  left  open. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

vcc 

V 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

it.  tf 

Input  Rise  and  Fall  Time                          Vcc  =  2  0  V 
(Figure  11                                              Va  =  4.5V 

VCc  =  6.0  V 

0 
0 
0 

1000 
500 
400 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 


vCc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

Test  Conditions 

25°C  to 

<85°C 

<125°C 

Unit 

-55°C 

V|H 

Minimum  High-Level  Input 

Vout  =  01  Vor  VCC 

-0.1  V 

2.0 

1.5 

1.5 

1.5 

V 

Voltage 

|lout|s20^A 

4.5 

3.15 

3.15 

3.15 

6.0 

4.2 

4.2 

4.2 

V|L 

Maximum  Low-Level  Input 

Vout  =  0.1  Vor  VCC 

-0.1  V 

2.0 

0.3 

0.3 

0.3 

V 

Voltage 

|lout|<20,*A 

4.5 

0.9 

0.9 

0.9 

6.0 

1.2 

1.2 

1.2 

VOH 

Minimum  High-Level  Output 

Vin  =  V|H  or  V,U 

2.0 

1.9 

1.9 

1.9 

V 

Voltage 

|lout|s20(iA 

4.5 

4.4 

4.4 

4.4 

6.0 

5.9 

5.9 

5.9 

Vin  =  V|H  «  V|L 

|lout(s4.0  mA 

4.5 

3.98 

3.84 

3.70 

|lout|s5.2  mA 

6.0 

5.48 

5.34 

5.20 

vol 

Maximum  Low-Level  Output 

Vin  =  V|H  or  VIL 

2.0 

0.1 

0.1 

0.1 

V 

Voltage 

|lout|<20,<A 

4.5 

0.1 

0.1 

0.1 

6.0 

0.1 

0.1 

0.1 

Vin  =  V|H  °r  V|L 

|IOU,|S4.0  mA 

4.5 

0.26 

0.33 

0.40 

|lout|s5.2  mA 

6.0 

0.26 

0.33 

0.40 

>in 

Maximum  Input  Leakage  Current 

Vin  =  VCC  or  GND 

6.0 

±0.1 

±  1.0 

±1.0 

pA 

'cc 

Maximum  Quiescent  Supply 

Vin  =  VCC  or  GND 

6.0 

2 

20 

40 

(•A 

Current  (per  Package) 

lOut  =  0pA 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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MC54/74HC27 


AC  ELECTRICAL  CHARACTERISTICS  ICL  =  50  pF,  Input  tr  =  tf  =  6  ns) 


Vcc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

25°  C  to 

<85°C 

s125°C 

Unit 

-55°C 

'PLH. 

Maximum  Propagation  Delay,  Input  A,  B,  or  C  to  Output  Y 

2.0 

90 

115 

135 

ns 

tPHL 

(Figures  1  and  2) 

4.5 

18 

23 

27 

6.0 

15 

20 

23 

«TLH. 

Maximum  Output  Transition  Time,  Any  Output 

2.0 

75 

95 

110 

ns 

*THL 

(Figures  1  and  2) 

4.5 

15 

19 

22 

6.0 

13 

16 

19 

cin 

Maximum  Input  Capacitance 

10 

10 

10 

pF 

NOTES: 

1.  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


CPD 

Power  Dissipation  Capacitance  (Per  Gate) 

Typical  @  25°C,  Vcc  =  5.0  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 

pD  =  Cpd  Vcc2f+ICC  VCC 

27 

pF 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

INPUT  90% 
A.  B.  OR  C  5,q% 


OUTPUT  V 


90V\  f 
10%  \  / 


'PLH 


GND 


■IPHL 


90%  *  \ 

50%, f  V 

— *1    U—  tTHL  — *-!  [*— 


<TIH  ' 


Figure  1.  Switching  Waveforms 


♦includes  all  probe  and  jig  capacitance. 
Figure  2.  Test  Circuit 


EXPANDED  LOGIC  DIAGRAM 

(V4  of  the  Device) 


MOTOROLA  HIGH-SPEED  CMOS  LOGIC  DATA 

C  Ad 
O-MO 


MOTOROLA 

SEMICONDUCTOR 

TECHNICAL  DATA 


MC54/74HC30 


8-lnput  NAND  Gate 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC30  is  identical  in  pinout  to  the  LS30.  The  device  inputs  are  com- 
patible with  standard  CMOS  outputs;  with  pullup  resistors,  they  are  compatible  with 
LSTTL  outputs. 

•  Output  Drive  Capability:  10  LSTTL  Loads 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1  /jA 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  32  FETs  or  8  Equivalent  Gates 


LOGIC  DIAGRAM 


2 

3 

4 

5 

6 

11 

12 

Y  =  ABCDEFGH 


PINS  9.  10,  13  =  NO  CONNECTION 


PIN  14  =  V(x 
PIN  7  =  GND 


J  SUFFIX 
CERAMIC 
CASE  632 


N  SUFFIX 
PLASTIC 
CASE  646 


D  SUFFIX 

SOIC 
CASE  751 A 


ORDERING  INFORMATION 

MC74HCXXN  Plastic 
MC54HCXXJ  Ceramic 
MC74HCXXD  SOIC 

TA=  -55°  to  125°C  for  all  packages. 

Dimensions  in  Chapter  7. 


PIN  ASSIGNMENT 


NC  =  N0  CONNECTION 


FUNCTION  TABLE 


Inputs  A  through  H 

Output 
Y 

All  inputs  H 

One  or  more  inputs  L 

L 
H 

MOTOROLA  HIGH-SPEED  CMOS  LOGIC  DATA 
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Symbol 

Parameter 

Value 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

-0.5  to  +7.0 

V 

Vin 

DC  Input  Voltage  (Referenced  to  GND) 

-  1.5  to  Vqc  +  1.5 

V 

Vout 

DC  Output  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc +  0.5 

V 

'in 

DC  Input  Current,  per  Pin 

+  20 

mA 

'out 

DC  Output  Current,  per  Pin 

±25 

mA 

ice 

DC  Supply  Current,  Vcc  and  GND  Pins 

±50 

mA 

PD 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tstg 

Storage  Temperature 

-65  to  +150 

°C 

TL 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°C 

*Maxirnum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
tDerating  -  Plastic  DIP:  -  10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  - 10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-irnpedance 
circuit.  For  proper  operation,  Vjn  and 
Vout  should  be  constrained  to  the 
range  GND<IVin  or  V0Ut)<VCC 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  Vrjcl.  Unused 
outputs  must  be  left  open. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

VCC 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

vcc 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°C 

tr. 'f 

Input  Rise  and  Fall  Time                          Vcc  =  2.0  V 
(Figure  11                                          VCc  =  4.5V 

VCC  =  6.0  V 

0 
0 
0 

1000 
500 
400 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 


Symbol 

Parameter 

Test  Conditions 

vcc 

V 

Guaranteed  Limit 

Unit 

25°C  to 
-55°C 

s85°C 

<125°C 

V|H 

Minimum  High-Level  Input 
Voltage 

Vout  =  0.1  Vor  Vcc-0.1  V 
|lout|s20  „A 

2.0 
4.5 
6.0 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

V 

% 

Maximum  Low-Level  Input 
Voltage 

Vout  =  0.1  Vor  Vcc-0.1  V 
|IOU,|<20/1A 

2.0 
4.5 
6.0 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

V 

V0H 

Minimum  High-Level  Output 
Voltage 

Vin  =  V|H  <"  V|L 
|lout|<20»<A 

2.0 
4.5 
6.0 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

V 

Vin  =  V|H  or  V|L  |lou,|s4.0mA 
lou,|<5.2  mA 

4.5 
6.0 

3.98 
5.48 

3.84 
5.34 

3.70 
5.20 

vol 

Maximum  Low-Level  Output 
Voltage 

Vin  =  V|H  or  V|L 
|lout|<20^ 

2.0 
4.5 
6.0 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

V 

Vin  =  V|HorV|L  |lout|s4.0mA 
|lout]<5.2  mA 

4.5 
6.0 

0.26 
0.26 

0.33 
0.33 

0.40 
0.40 

■in 

Maximum  Input  Leakage  Current 

Vin  =  VCC  or  GND 

6.0 

±0.1 

±1.0 

±10 

^A 

ice 

Maximum  Quiescent  Supply 
Current  (per  Package) 

Vin  =  VCC  or  GND 
lout =0  (A 

6.0 

2 

20 

40 

«A 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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MC54/74HC30 


AC  ELECTRICAL  CHARACTERISTICS  (CL^50  PF,  Input  tr  =  t(  =  6  nsl 


vcc 

V 

Guaranteed  Limit 

Sy  m  bo  1 

Parameter 

25°C  to 

<85°C 

<125°C 

Unit 

-5S»C 

tpLH. 

Maximum  Propagation  Delay,  Any  Input  to  Output  Y 

2.0 

175 

220 

265 

ns 

lPHL 

(Figures  1  and  2) 

4.5 

35 

44 

53 

6.0 

30 

37 

45 

Maximum  Output  Transition  Time,  Any  Output 

2.0 

75 

95 

110 

ns 

TTHL 

(Figures  1  and  2) 

4.5 

15 

19 

22 

6.0 

13 

16 

19 

Mn 

Maximum  Input  Capacitance 

10 

10 

10 

pF 

NOTES: 

1.  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


CPD 

Power  Dissipation  Capacitance  (Per  Gate} 

Typical  @  25°C,  VCC  =  5  0  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 

PD  =  CPD  Vcc2f+lCC  VCC 

27 

pF 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL  DATA 


MC54/74HC32 


Quad  2-lnput  OR  Gate 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC32  is  identical  in  pinout  to  the  LS32.  The  device  inputs  are  com- 
patible with  standard  CMOS  outputs;  with  pullup  resistors,  they  are  compatible  with 
LSTTL  outputs. 

•  Output  Drive  Capability:  10  LSTTL  Loads 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  48  FETs  or  12  Equivalent  Gates 


LOGIC  DIAGRAM 


V  =  A  +  B 


PIN  14  =  VCC 
PIN  7  =  GND 


J  SUFFIX 
CERAMIC 
CASE  632 


N  SUFFIX 
PLASTIC 
CASE  646 


D  SUFFIX 

SOIC 
CASE  751A 


ORDERING  INFORMATION 

MC74HCXXN  Plastic 
MC54HCXXJ  Ceramic 
MC74HCXXD  SOIC 

TA=  -56°  to  125°Cfor  a 

Dimensions  in  Chapter  7. 


PIN  ASSIGNMENT 


FUNCTION  TABLE 


inputs 

Output 

A  B 

Y 

L  L 

L 

L  H 

H 

H  L 

H 

H  H 

H 
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1/74HC32 


MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

VCC 

DC  Supply  Voltage  (Referenced  to  GND) 

—  0.5  to  +7.0 

V 

V;„ 
vin 

DC  Input  Voltage  (Referenced  to  GND) 

-  1 .5  to  Vcc  +1.5 

v 

Vout 

DC  Output  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc  +  0.5 

V 

•in 

DC  Input  Current,  per  Pin 

±20 

mA 

'out 

DC  Output  Current,  per  Pin 

±25 

mA 

ice 

DC  Supply  Current,  Vcc  and  GND  Pins 

±50 

mA 

pd 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tstg 

Storage  Temperature 

-65  to  +150 

°C 

Tl 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°C 

*Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
tDerating  -  Plastic  DIP:  -  10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -  10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjn  and 
Vout  should  be  constrained  to  the 
range  GND<(Vjn  or  Voul)<Vcc- 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  V^c).  Unused 
outputs  must  be  left  open. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

VCC 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

%.  tf 

Input  Rise  and  Fall  Time                          Vcc  =2.0  V 
(Figure  1)                                              VCC  =  4.5V 

VCC  =  6  0  V 

0 
0 
0 

1000 
500 
400 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 


Symbol 

Parameter 

Test  Conditions 

vcc 

V 

Guaranteed  Limit 

Unit 

25°C  to 
-55°C 

<85°C 

<125°C 

VlH 

Minimum  High-Level  Input 
Voltage 

Vout  =  0.1  Vor  VCC-0.1  V 
|lout|s20,*A 

2.0 
4.5 
6.0 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

V 

V|L 

Maximum  Low-Level  Input 
Voltage 

Vout  =  0.1  VorVcc-0.1  V 
|lout|<20MA 

2.0 
4.5 
6.0 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

V 

V0H 

Minimum  High-Level  Output 
Voltage 

vin  =  vIH  or  V|L 
|lout|<20PA 

2.0 
4.5 
6.0 

1.9 
4.4 

5.9 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

V 

Vin  =  V|H  or  V|L  [lout|s4.0mA 
lout|  5=5.2  mA 

4.5 
6.0 

3.98 
5.48 

3.84 
5.34 

3.70 
5.20 

vol 

Maximum  Low-Level  Output 
Voltage 

Vin  =  V|H  or  V,L 
|lout|s20,iA 

2.0 
4.5 
6.0 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

V 

Vin  =  V|HorV|L  |lout|s4.0mA 
|lout|  555.2  mA 

4.5 

6.0 

0.26 
0.26 

0.33 
0.33 

0.40 
0.40 

lin 

Maximum  Input  Leakage  Current 

Vin  =  Vcc  or  GND 

6.0 

±0.1 

+  1.0 

±1.0 

«A 

ice 

Maximum  Quiescent  Supply 
Current  (per  Package) 

Vin  =  VeC  or  GND 
lout=0(*A 

6.0 

2 

20 

40 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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VCC 

Guaranteed  Limit 

Symbol 

Parameter 

25°C  to 

<126*C 

Unit 

<85°C 

-5S  C 

tpLH- 

Maximum  Propagation  Delay  Input  A  or  B  to  Output  Y 

2.0 

100 

125 

150 

tPHL 

(Figures  1  and  2) 

4.5 

20 

25 

30 

6.0 

17 

21 

26 

*TLH» 

Maximum  Output  Transition  Time,  Any  Output 

2.0 

75 

95 

110 

ns 

*THL 

(Figures  1  and  2) 

4.5 

15 

19 

22 

6.0 

13 

16 

19 

Cin 

Maximum  Input  Capacitance 

10 

10 

10 

pF 

NOTES: 

1.  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


CPD 

Power  Dissipation  Capacitance  (Per  Gate) 

Typical  @  25°C,  VCC=5.0  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 

Pd  =  Cpd  vcc^+icc  Vcc 

20 

pF 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

'"lit:  "IT 

INPUT  X90%  \ 


'PIH  ■ 


  GN0 


90%  j!  '  r 

50*,  f  h 

— *J    H—        — H    U—  <THL 


•tPHL 


<TLH- 


Figure  1.  Switching  Waveforms 


*lncludes  all  probe  and  jig  capacitance. 
Figure  2.  Test  Circuit 


EXPANDED  LOGIC  DIAGRAM 

(%  of  the  Device) 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL  DATA 


MC54/74HC34 


Product  Preview 

Hex  Noninverting  Buffer 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC34  is  identical  in  pinout  to  the  HC04  and  LS04,  but  the  HC34  has 
noninverting  outputs.  The  device  inputs  are  compatible  with  standard  CMOS  out- 
puts; with  pullup  resistors,  they  are  compatible  with  LSTTL  outputs. 

•  Output  Drive  Capability:  10  LSTTL  Loads 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1  nA 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  48  FETs  or  12  Equivalent  Gates 


LOGIC  DIAGRAM 


A2  - 


A3  ■ 


A5  - 


A6 


1 

3 

5 

9 

:  •  j 

11 

13 

PIN  14  =  VCC 
PIN  7  =  GND 

V3 


Y=  A 


J  SUFFIX 
CERAMIC 
CASE  632 


N  SUFFIX 
PLASTIC 
CASE  646 


D  SUFFIX 

SOIC 
CASE  751A 


ORDERING  INFORMATION 

MC74HCXXN  Plastic 
MC54HCXXJ  Ceramic 
MC74HCXXD  SOIC 

Ta=  -55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 


PIN  ASSIGNMENT 


gnd[ 


FUNCTION  TABLE 


Input 

Output 

A 

Y 

L 

L 

H 

H 

This  document  contains  information  on  a  product  under  development.  Motorola  reserves  the  right  to  change  or  discontinue  this  product  without  notice. 
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MC54/74HC34 


MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GNDI 

—  0.5  to  +  7.0 

V 

vin 

DC  Input  Voltage  (Referenced  to  GND) 

—  1.5  to  Vcc  +  1-5 

V 

Vout 

DC  Output  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc +  0.5 

V 

'in 

DC  Input  Current,  per  Pin 

+  20 

mA 

'out 

DC  Output  Current,  per  Pin 

±25 

mA 

ice 

DC  Supply  Current,  Vcc  and  GND  Pins 

±50 

mA 

PD 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tstg 

Storage  Temperature 

-65  to  +  150 

°C 

TL 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°C 

*  Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
tDerating  -  Plastic  DIP:  - 10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjn  and 
Vout  should  be  constrained  to  the 
range  GND<(Vin  or  Vout)<VCC. 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  Vcc)-  Unused 
outputs  must  be  left  open. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

vcc 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

tr.  tf 

Input  Rise  and  Fall  Time                          Vcc  =  2.0  V 
(Figure  1)  VCc=4.5V 

VCC  =  6.0  V 

0 
0 
0 

1000 
500 
400 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 


VCC 
V 

Guaranteed  Limit 

Symbol 

Parameter 

Test  Conditions 

25"C  to 
-55-C 

<85°C 

s125«C 

Unit 

V|H 

Minimum  High-Levet  Input 
Voltage 

Vout  =  VCC -0.  IV 
|lout|<20^A 

2.0 
4.5 
6.0 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

V 

VlL 

Maximum  Low-Level  Input 
Voltage 

Vout  =  0.1V 
(loutlsZOiiA 

2.0 
4.5 
6.0 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

V 

VOH 

Minimum  High-Level  Output 
Voltage 

Vin  =  V|H 
|lou,!s20,^ 

2.0 
4.5 
6.0 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

V 

Vin  =  V|H 

|lout|s4.0  mA 
|loutj  5=5.2  mA 

4.5 
6.0 

3.98 
5.48 

3.84 
5.34 

3.70 
5.20 

vol 

Maximum  Low-Level  Output 
Voltage 

Vin  =  V|L 
|lout|<20,lA 

2.0 
4.5 
6.0 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

V 

Vin  =  V|L 

|lout|<4.0  mA 
|lout|<5.2  mA 

4.5 
6.0 

0.26 
0.26 

0.33 
0.33 

0.40 
0.40 

•in 

Maximum  Input  Leakage  Current 

Vjn  -  VCC  °'  GND 

6.0 

+  0.1 

±10 

±1.0 

ice 

Maximum  Quiescent  Supply 
Current  (per  Package) 

Vin  =  VeC  °r  GND 
lOut  =  0(iA 

6.0 

2 

20 

40 

MA 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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MC54/74HC34 


AC  ELECTRICAL  CHARACTERISTICS  (CL  =  50  pF,  Input  tr  =  tf  =  6  ns) 


vcc 

Projected  Limit 

Symbol 

Parameter 

25°C  to 

Unit 

V 

s85°C 

<12S°C 

-55°C 

'PLH- 

Maximum  Propagation  Delay,  Input  A  to  Output  Y 

2.0 

90 

115 

135 

ns 

tPHL 

(Figures  1  and  2) 

4.5 

18 

23 

27 

6.0 

15 

20 

23 

tTLH- 

Maximum  Output  Transition  Time,  Any  Output 

2.0 

75 

95 

110 

ns 

tTHL 

(Figures  1  and  2) 

4.5 

15 

19 

22 

6.0 

13 

16 

19 

Cin 

Maximum  Input  Capacitance 

10 

10 

10 

PF 

NOTES: 

1 .  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


CPD 

Power  Dissipation  Capacitance  (Per  Buffer! 

Typical  @  25°C,  VCC  =  5.uV 

Used  to  determine  the  no-load  dynamic  power  consumption: 

PD  =  CPD  vCC2f  +  'CC  VCC 

TBD 

PF 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 
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Product  Preview 

Hex  Noninverting  Buffer  with 
LSTTL-Compatible  Inputs 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HCT34  may  be  used  as  a  level  converter  for  interfacing  TTL  or 
NMOS  outputs  to  High-Speed  CMOS  inputs. 

The  HCT34  is  identical  in  pinout  to  the  LS04  and  HCT04,  but  the  HCT34  has  non- 
inverting  outputs. 

•  Output  Drive  Capability:  10  LSTTL  Loads 

•  TTL/NMOS-Compatible  Input  Levels 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  4.5  to  5.5  V 

•  Low  Input  Current:  1  /iA 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7  A 

•  Chip  Complexity:  60  FETs  or  15  Equivalent  Gates 


J  SUFFIX 
CERAMIC 
CASE  632 


N  SUFFIX 
PLASTIC 
CASE  646 


D  SUFFIX 

SOIC 
CASE  751A 


ORDERING  INFORMATION 

MC74HCTXXN  Plastic 
MC54HCTXXJ  Ceramic 
MC74HCTXXD  SOIC 


TA=  -55°  to  125°C  for  all 
Dimensions  in  Chapter  7. 


A3  - 


A4  - 


A5  ■ 


A6- 


LOGIC  DIAGRAM 


A2  ?  ^Y2 


{> 


r=A 


PIN  ASSIGNMENT 


FUNCTION  TABLE 


Input 

Output 

A 

Y 

L 

L 

H 

H 

PIN  14  =  VCC 
PIN  7  =  GND 


This  document  contains  information  on  a  product  under  development.  Motorola  reserves  the  right  to  change  or  discontinue  this  product  without  notice. 
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MC54/74HCT34 


MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

-0.5  to  +7.0 

V 

Vin 

DC  Input  Voltage  (Referenced  to  GND) 

-1.5  to  Vcc +  1-5 

V 

Vout 

DC  Output  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc +  0-5 

V 

■in 

DC  Input  Current,  per  Pin 

±20 

mA 

'out 

DC  Output  Current,  per  Pin 

±25 

mA 

'CC 

DC  Supply  Current,  Vcc  and  GND  Pins 

±50 

mA 

PD 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tsta 

Storage  Temperature 

-65  to  + 150 

°c 

TL 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°c 

♦Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
tDerating  -  Plastic  DIP:  - 10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high -impedance 
circuit.  For  proper  operation,  Vjn  and 
Vout  should  be  constrained  to  the 
range  GND<{Vin  or  V0Ut)<Vcc- 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  Vcc'-  Unused 
outputs  must  be  left  open. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

4.5 

5.5 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

VCC 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

«r.  tf 

Input  Rise  and  Fall  Time  (Figure  11 

0 

500 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 


VCC 
V 

Guaranteed  Limit 

Symbol 

Parameter 

Test  Conditions 

25°Cto 
-55°C 

<85°C 

<125°C 

Unit 

V|H 

Minimum  High-Level  Input 
Voltage 

Vout  =  VCC  -0-1  V 
|loutl  =s 20  „A 

4.5 
5,5 

2.0 
2.0 

2.0 
2.0 

2.0 
2.0 

V 

V|L 

Maximum  Low-Level  Input 
Voltage 

Vout  =  0.1  V 
llouti  s20»* 

4.5 
5.5 

0.8 
0.8 

0.8 
0.8 

0.8 
0.8 

V 

VOH 

Minimum  High-Level  Output 
Voltage 

Vin  =  V|H 
|l0utl  s20,<A 

4.5 
5.5 

4.4 
5.4 

4.4 
5.4 

4.4 
5.4 

V 

Vin  =  V|H 
|loutl  s4.0mA 

4.5 

3.98 

3.84 

3.70 

vol 

Maximum  Low-Level  Output 
Voltage 

Vin  =  V|L 
llouti  S20^A 

4.5 
5.5 

0.1 
0.1 

0.1 
0.1 

0.1 
0.1 

V 

Vin  =  V|L 
llouti  £4.0  mA 

4.5 

0.26 

0.33 

0.40 

'in 

Maximum  Input  Leakage  Current 

Vin  =  Vcc  or  GND 

5.5 

±0.1 

±1.0 

±1.0 

(•A 

ice 

Maximum  Quiescent  Supply 
Current  (per  Package) 

Vin  =  VCC  "'GND 
lout  =  n»«A 

5.5 

2 

20 

40 

eA 

A'cc 

Additional  Quiescent  Supply 

Vjn  =  2.4  V,  Any  One  Input 

>-5S°C 

2S°C  to  125"C 

Current 

vin  =  vCC  or  GN°.  0,ne'  Inputs 
lout  =  0fA 

5.5 

2.9 

2.4 

mA 

NOTES: 

1 .  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 

2.  Total  Supply  Current  =  Ice +  SAIcc- 
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MC54/74HCT34 


AC  ELECTRICAL  CHARACTERISTICS  (Vcc  =  5.0  V  ±10%,  CL  =  50  pF,  Input  tf  =  tf  =  6  ns) 


Symbol 

Parameter 

Projected  Limit 

Unit 

25°C  to 
-55°C 

<8S°C 

s12S°C 

tPLH. 
'PHL 

Maximum  Propagation  Delay,  Input  A  to  Output  Y 
(Figures  1  and  2) 

22 

28 

33 

ns 

tTLH. 
<THL 

Maximum  Output  Transition  Time,  Any  Output 
(Figures  1  and  2) 

15 

19 

22 

ns 

Cin 

Maximum  Input  Capacitance 

10 

10 

10 

pF 

NOTES: 

1 .  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


Cpo 

Power  Dissipation  Capacitance  (Per  Buffer) 

Typical  @  2S"C,  Vcc=5.0  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 

Pd  =  Cpd  vcc^f+icc  VCC 

TBD 

pF 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

INPUT 


 Jf  0.3  V  ^  

tPLH— H         ht  W        H*— tPHL 

90%  Jf  + 

TlH— »l    U—  — H    U— 'THL 
Figure  1.  Switching  Waveforms 


TEST  POINT 


3.0  V 
GN0 


*lncludes  all  probe  and  jig  capacitance. 
Figure  2.  Test  Circuit 


EXPANDED  LOGIC  DIAGRAM 


A4- 


■  V4 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL  DATA 


MC54/74HC35 


Product  Preview 

Hex  Noninverting  Buffer  with 
Open-Drain  Outputs 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC35  is  identical  in  pinout  to  the  LS05  and  HC05,  but  the  HC35  has 
noninverting  outputs.  The  device  inputs  are  compatible  with  standard  CMOS  out- 
puts; with  pullup  resistors,  they  are  compatible  with  LSTTL  outputs. 

Each  of  the  HC35  outputs  is  fabricated  using  a  high-performance  MOS  N-channel 
transistor.  Therefore,  with  a  suitable  output  pullup  resistor,  this  gate  can  be  used  in 
wired-AND  applications.  Using  the  output  characteristic  curves  given  in  this  data 
sheet,  this  device  can  be  used  as  an  LED  driver,  or  in  any  application  that  only  re- 
quires a  sinking  current. 

•  Output  Drive  Capability:  10  LSTTL  Loads  —  with  Suitable  Pullup  Resistor 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1  jiA 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  48  FETs  or  12  Equivalent  Gates 


J  SUFFIX 
CERAMIC 
CASE  632 


N  SUFFIX 
PLASTIC 
CASE  646 


D  SUFFIX 

SOIC 
CASE  751A 


ORDERING  INFORMATION 

MC74HCXXN  Plastic 
MC54HCXXJ  Ceramic 
MC74HCXXD  SOIC 

Ta=  -55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 


LOGIC  DIAGRAM 


2,4,6,8,10,12  . 


PIN  ASSIGNMENT 


1,3,5,9,1 


PIN  14  =  VCC 
PIN  7  =  GND 

*Denotes  open-drain  outputs. 


FUNCTION  TABLE 


Input 

Output 

A 

Y 

L 

L 

H 

Z 

Z  =  high  impedance 


This  document  contains  information  on  a  product  under  development.  Motorola  reserves  the  right  to  change  or  discontinue  this  product  without  notice. 
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Symbol 

Parameter 

Value 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

-0.5  to  +7.0 

V 

Vin 

DC  Input  Voltage  (Referenced  to  GNDI 

-  1 .5  to  Vcc  +  1  -5 

V 

V0ut 

DC  Output  Voltage  (Referenced  to  GNDI 

-0.5  to  Vcc +  0.5 

V 

'in 

DC  Input  Current,  per  Pin 

±20 

mA 

'out 

DC  Output  Current,  per  Pin 

±25 

mA 

'CC 

DC  Supply  Current,  Vcc  and  GND  Pins 

±50 

mA 

PD 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tstg 

Storage  Temperature 

-65  to  +150 

°C 

TL 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Packagel 
(Ceramic  DIP) 

260 
300 

°C 

*Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
tDerating  -  Plastic  DIP:  -10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjn  and 
Vout  should  be  constrained  to  the 
range  GND<;<Vin  or  V0Ut)^Vcc- 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  Vcc*-  Unused 
outputs  must  be  left  open. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GNDI 

0 

vcc 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

tr.  tf 

Input  Rise  and  Fall  Time                          Vcc  =  2.0V 
(Figure  1)                                          VCC  =  4.5V 

VCC  =  6.0  V 

0 
0 
0 

1000 
500 
400 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 


vCc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

Test  Conditions 

25°C  to 
-55°C 

<85°C 

<125°C 

Unit 

V|H 

Minimum  High-Level  Input 
Voltage 

Vout  =  VCC  -0.1  V 
|lout|s20^A 
RBU  per  Figure  2 

2.0 
4.5 
6.0 

1.5 
3.15 
4.2 

1.5 
3.15 
4,2 

1.5 
3.15 
4.2 

V 

V|L 

Maximum  Low-Level  Input 
Voltage 

Vout  =  0.1  V 
|lwtl*»l* 

2.0 
4.5 
6.0 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

V 

vol 

Maximum  Low-Level  Output 
Voltage 

Vin  =  V|L 
|Iou,|s20,iA 

2.0 
4.5 
6.0 

pop 

pop 

0.1 
0.1 
0.1 

V 

Vin  =  V|L  |lout|s4.0mA 
|lout|<5.2  mA 

4.5 
6.0 

0.26 
0.26 

0.33 
0.33 

0.40 
0.40 

'in 

Maximum  Input  Leakage  Current 

Vin  =  VCC  or  GND 

6.0 

±0.1 

±1.0 

±1.0 

ice 

Maximum  Quiescent  Supply 
Current  (per  Packagel 

Vin -VCC  or  GND 
lout  =  0^ 

6.0 

2 

20 

40 

lOZ 

Maximum  Output  Leakage 
Current 

A  =  V|H 

Vout  =  VCc  or  GND 

6.0 

±0.5 

±5.0 

±10.0 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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r 

AC  ELECTRICAL  CHARACTERISTICS  (CL  =  50  pF,  Input  tr  =  t(  =  6  ns) 


vcc 

V 

Projected  Limit 

Symbol 

Parameter 

25°C  to 
-55°C 

<8B°C 

<12S°C 

Unit 

tpLZ. 
tpZL 

Maximum  Propagation  Delay,  Input  A  to  Output  Y 
(Figures  1  and  2) 

2.0 
4.5 
6.0 

110 
22 
19 

140 
28 
24 

165 
33 
28 

ns 

*THL 



Maximum  Output  Transition  Time,  Any  Output 
(Figures  1  and  21 

2.0 
4.5 
6.0 

75 
15 
13 

95 
19 
16 

110 
22 
19 

ns 

Cin 

Maximum  Input  Capacitance 

10 

10 

10 

pF 

Cout 

Maximum  Three-State  Output  Capacitance  (Output  in  High-Impedance 
State) 

10 

10 

10 

pF 

NOTES: 

1.  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


Cpo 

Power  Dissipation  Capacitance  (Per  Buffer) 

Typical  @  25°C,  VCC=5.0  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 

PD  =  CPD  Vcc2f+!CC  VCC 

TBD 

pF 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

■vcc 

DEVICE 

GND 

UNDER 

TEST 

HIGH 

IMPEDANCE 

vol 

Figure  1.  Switching  Waveforms 


♦includes  all  probe  and  jig  capacitance. 
Figure  2.  Test  Circuit 


~-  15 


'      t  =  ; 

CAL 

5°C 

vc 

C  =  5  V 

T 

=  25°C 

■ 

T 

I  

=  85°C 

T=125°C 

EXPEC1 

ED  MINIMUM 

* 

I  1  2  3  4 

V0,  OUTPUT  VOLTAGE.  (VOLTS) 

*The  expected  minimum  curves  are  not  guarantees, 
but  are  design  aids. 

Figure  3.  Open-Drain  Output  Characteristics 
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MOTOROLA 

SEMICONDUCTOR 
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Product  Preview 

Hex  IMoninverting  Buffer  with 
Open-Drain  Outputs  and  LSTTL- 
Compatible  Inputs 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HCT35  may  be  used  as  a  level  converter  for  interfacing  TTL  or 
NMOS  outputs  to  High-Speed  CMOS  inputs. 

The  HCT35  is  identical  in  pinout  to  the  LS05  and  HCT05,  but  the  HCT35  has  non- 
inverting  outputs. 

Each  of  the  HCT35  outputs  is  fabricated  using  a  high-performance  MOS 
N-channel  transistor.  Therefore,  with  a  suitable  output  pullup  resistor,  this  gate  can 
be  used  in  wired-AND  applications.  Using  the  output  characteristic  curves  given  in 
this  data  sheet,  this  device  can  be  used  as  an  LED  driver,  or  in  any  application  that 
only  requires  a  sinking  current. 

•  Output  Drive  Capability:  10  LSTTL  Loads  -  with  Suitable  Pullup  Resistor 

•  TTL/NMOS-Compatible  Input  Levels 

•  Operating  Voltage  Range:  4.5  to  5.5  V 

•  Low  Input  Current:  1  /iA 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  60  FETs  or  15  Equivalent  Gates 


LOGIC  DIAGRAM 


1,3.5.9,11.1 


MC54/74HCT35 


J  SUFFIX 
CERAMIC 
CASE  632 


N  SUFFIX 
PLASTIC 
CASE  646 


D  SUFFIX 

SOIC 
CASE  751A 


ORDERING  INFORMATION 

MC74HCTXXN  Plastic 
MC54HCTXXJ  Ceramic 
MC74HCTXXD  SOIC 


TA=-55°to125°Cfor  all 
Dimensions  in  Chapter  7. 


PIN  ASSIGNMENT 


FUNCTION  TABLE 


Input 

Output 

A 

Y 

L 

L 

H 

Z 

2  =  high  impedance 


PIN  14  =  VCC 
PIN  7  =  GND 


*Denotes  open-drain  outputs. 


This  document  contains  information  on  a  product  under  development.  Motorola  reserves  the  right  to  change  or  discontinue  this  product  without  notice. 
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MC54/74HCT35 


MAXIMUM  RATINGS* 


Symbol 

Paramoter 

V,-lue 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

-0.5  to  +7.0 

V 

Vin 

DC  Input  Voltage  (Referenced  to  GND) 

-1.5  to  Vqc  +  1.5 

V 

Vout 

DC  Output  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc +  0-5 

V 

'in 

DC  Input  Current,  per  Pin 

±20 

mA 

'out 

DC  Output  Current,  per  Pin 

±25 

mA 

ice 

DC  Supply  Current,  Vrjc  and  GND  Pins 

±50 

mA 

PD 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tstq 

Storage  Temperature 

-65  to  +150 

°C 

TL 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°C 

♦Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
tDerating  -  Plastic  DIP:  -10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjn  and 
Vout  should  be  constrained  to  the 
range  GND<(Vin  or  Vout)<Vcc- 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  Vrjcl-  Unused 
outputs  must  be  left  open. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

4.5 

5.5 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

vcc 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

«P  tf 

Input  Rise  and  Fall  Time  (Figure  1) 

0 

500 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 


VCC 
V 

Guaranteed  Limit 

Symbol 

Parameter 

Test  Conditions 

25°C  to 
-55°C 

<85°C 

<125°C 

Unit 

V|H 

Minimum  High-Level  Input 
Voltage 

Vout  =  VCC  "0.1  V 

|loutl  £20  >iA,  Rpu  per  Figure  2 

4.5 
5.5 

2.0 
2.0 

2.0 
2.0 

2.0 
2.0 

V 

V|L 

Maximum  Low-Level  Input 
Voltage 

Vout  =  0.1  V 
|lout|<20/1A 

4.5 
5.5 

0.8 
0.8 

0.8 
0.8 

0.8 
0.8 

V 

vol 

Maximum  Low-Level  Output 
Voltage 

Vin  =  V|L 
|lout|  £20  xA 

4.5 
5.5 

0.1 
0.1 

0.1 
0.1 

0.1 
0.1 

V 

Vin  =  V|L 
|lout|<4.0  mA 

4.5 

0.26 

0.33 

0.40 

■in 

Maximum  Input  Leakage  Current 

Vin  =  VCC  or  GND 

5.5 

±0.1 

±1.0 

±1.0 

*A 

ice 

Maximum  Quiescent  Supply 
Current  (per  Package) 

Vin  =  VCC  or  GND 
lout  =  0«A 

5.5 

2 

20 

40 

liA 

ioz 

Maximum  Output  Leakage 
Current 

A  =  V|H 

Vout  =  VcC  0'  GND 

5.5 

±0.6 

±5.0 

±10.0 

MA 

Alec 

Additional  Quiescent  Supply 

V|n  =2.4  V,  Any  One  Input 

a-SS-C 

25°C  to  125°C 

Current 

Vjn  =  Vcc  or  GND-  otner  Inputs 

lout  =  0/<A 

5.5 

2.9 

2.4 

mA 

NOTES: 

1.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 

2.  Total  Supply  Current  =  Ice +  £Alcc- 
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Symbol 

Parameter 

Projected  Limit 

Unit 

25' C  to 
-55°C 

<85°C 

s125°C 

tpLZ. 
tPZL 

Maximum  Propagation  Delay,  Input  A  to  Output  Y 
(Figures  1  and  2) 

24 

30 

36 

ns 

tTHL 

Maximum  Output  Transition  Time,  Any  Output 
(Figures  1  and  2) 

15 

19 

22 

ns 

Cjn 

Maximum  Input  Capacitance 

10 

10 

10 

pF 

cout 

Maximum  Three-State  Output  Capacitance  (Output  in  High-Impedance  Statel 

10 

10 

10 

pF 

NOTES: 

T.  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 
2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


CPD 

Power  Dissipation  Capacitance  (Per  Buffer) 

Typical  @  25°C,  VCC  =  5-0  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 

PD  =  CPD  VCC2f+lcc  VCC 

TBD 

PF 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


1  1 

INPUT  A 


OUTPUT  V 


Figure  1.  Switching  Waveforms  Figure  2.  Test  Circuit 


0  12  3  4  5 

Vq,  OUTPUT  VOLTAGE,  (VCLTSI 


*The  expected  minimum  curves  are  not  guarantees, 
but  are  design  aids. 

Figure  3.  Open-Drain  Output  Characteristics 
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1-of-10  Decoder 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC42  is  identical  in  pinout  to  the  LS42.  The  device  inputs  are  com- 
patible with  standard  CMOS  outputs;  with  pullup  resistors,  they  are  compatible  with 
LSTTL  outputs. 

The  HC42  decodes  a  BCD  Address  to  one-of-ten  active-low  outputs.  For  Address 
inputs  with  a  hexadecimal  equivalent  greater  than  9,  all  outputs,  Y0-Y9,  remain  high 
(inactive). 

•  Output  Drive  Capability:  10  LSTTL  Loads 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1  fiA 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  104  FETs  or  26  Equivalent  Gates 


MC54/74HC42 


J  SUFFIX 

16         [  ||  II  U  ^ 

CERAMIC 
CASE  620 

i 

|            N  SUFFIX 
PLASTIC 
CASE  648 

r 

D  SUFFIX 

SOIC 
CASE  751 

ORDERING  INFORMATION 

MC74HCXXN  Plastic 
MC54HCXXJ  Ceramic 
MC74HCXXD  SOIC 

Ta  =  -  55"  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 

LOGIC  DIAGRAM 


BCD 
Address 
Inputs 


Active-Low 
Outputs 


PIN  ASSIGNMENT 
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MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

VCC 

nP  ^unnlv  VnltanP  (RpfprPnrpH  tn  (iNDl 

O  Lrppi  y    V  U I  layc  InclcIcilLcU  IU  VJIvL/J 

—  0.5  to  +7.0 

V 

vin 

u\j  input  vuiidyc  incicrcnt-cu  tu  uiiu/ 

Vout 

DC  Output  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc  +  0.5 

V 

'in 

DC  Input  Current,  per  Pin 

±20 

mA 

lout 

DC  Output  Current,  per  Pin 

±25 

mA 

ice 

DC  Supply  Current,  Vrc  and  GND  Pins 

±50 

mA 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

TStq 

Storage  Temperature 

-65  to  +150 

°C 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°C 

♦Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
tDerating  -  Plastic  DIP:  - 10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  - 10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mVW°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjn  and 
Vout  should  be  constrained  to  the 
range  GND<(Vin  or  Vout)<VCC. 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  V^c'-  Unused 
outputs  must  be  left  open. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vec 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

VCC 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

tr-  tf 

Input  Rise  and  Fall  Time 
(Figure  1) 

Vce  =  2.0  V 
VCC  =  4.5V 
VCC=6.0  V 

0 
0 
0 

1000 
500 
400 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 

vec 

V 

Guaranteed  Limit 

Symbol 

Parameter 

Test  Cond 

tions 

25°C  to 
-55°C 

<85°C 

S125°C 

Unit 

V|H 

Minimum  High-Level  Input 
Voltage 

Vout  =  0.1  Vor  Vcc-0.1  V 
IWI  *20„A 

2.0 
4.5 
6.0 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

V 

VlL 

Maximum  Low-Level  Input 
Voltage 

Vout  =  0.1  Vor  VCC-0.1  V 
IWI  *20  ^ 

2.0 
4.5 

6.0 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

V 

V0H 

Minimum  High-Level  Output 
Voltage 

Vin=V|H  or  V|U 
|lout|s20^ 

2.0 
4.5 
6.0 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

V 

Vin  =  V|HorVIL 

|lout|<4.0  mA 
|lou,|<5.2  mA 

4.5 
6.0 

3.98 
5.48 

3.84 
5.34 

3.70 
5.20 

vol 

Maximum  Low-Level  Output 
Voltage 

Vin  =  V|H  or  V|L 
|IOU,|«;20„A 

2.0 
4.5 
6.0 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

0.1 

0.1 
0.1 

V 

Vin-VIH  or  V,L 

|lout|s4.0  mA 
|lout|<5.2  mA 

4.5 
6.0 

0.26 
0.26 

0.33 
0.33 

0.40 
0.40 

■in 

Maximum  Input  Leakage  Current 

Vin  =  Vcc  orGND 

6.0 

±0.1 

±1.0 

±1.0 

nA 

ice 

Maximum  Quiescent  Supply 
Current  (per  Package) 

Vin  =  Vec  0'  GND 
lout  =  °  pA 

6.0 

8 

80 

160 

pA 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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MC54/74HC42 


AC  ELECTRICAL  CHARACTERISTICS  (CL^50  pF,  Input  t,  =  tf  =  6  ns) 


vcc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

25"C  to 
-55°C 

s8S°C 

s125°C 

Unit 

'PLH. 
tPHL 

Maximum  Propagation  Delay,  Input  A  to  Output  Y 
(Figures  1  and  2) 

2.0 
4.5 
6.0 

150 
30 
26 

190 
38 
33 

225 
45 
38 

ns 

•tlh. 

'THL 

Maximum  Output  Transition  Time,  Any  Output 
(Figures  1  and  2} 

2.0 
4.5 
6.0 

75 
15 
13 

95 
19 
16 

110 
22 
19 

ns 

Cin 

Maximum  Input  Capacitance 

10 

10 

10 

NOTES: 

1 .  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


CpD 

Power  Dissipation  Capacitance  (Per  Package) 

Typical  @  25°C,  VCC  =  5.0V 

Used  to  determine  the  no-load  dynamic  power  consumption: 

PD  =  CPD  vCC2f  +  'CC  VCC 

65 

pF 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

FIGURE  1  -  SWITCHING  WAVEFORMS  FIGURE  2  -  TEST  CIRCUIT 


FUNCTION  TABLE 


Inputs 

Outputs 

A3  A2  A1  AO 

Y0  Y1  Y2  Y3  Y4  Y5  Y6  Y7  Y8  Y9 

L    L    L  L 
L    L    L  H 
L    L    H  L 
L    L    H  H 
L   H    L  L 

LHHHHHHHHH 
HLHHHHHHHH 
HHLHHHHHHH 
HHHLHHHHHH 
HHHH  LHHHHH 

L    H    L  H 
L    H   H  L 
L    H   H  H 
H    L    L  L 
H    L    L  H 

HHHHHLHHHH 
HHHHHHLHHH 
HHHHHHH  LHH 
HHHHHHHHLH 
HHHHHHHHHL 

H    L   H  L 
H    L    H  H 
H   H    L  L 
H   H    L  H 
H   H   H  L 
H   H   H  H 

HHHHHHHHHH 
HHHHHHHHHH 
HHHHHHHHHH 
HHHHHHHHHH 
HHHHHHHHHH 
HHHHHHHHHH 
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INPUTS 

AO,  A1,  A2,  A3,  (PINS  15,  14,  13,  12)  -  BCD  Address  In- 
puts. The  BCD  address  present  at  these  inputs  determines 
which  output  is  active-low.  These  inputs  are  arranged  such 
that  A3  is  the  most-significant  bit  and  AO  is  the  least- 
significant  bit.  Addresses  with  a  hexadecimal  equivalent 


number  greater  than  nine  are  not  decoded. 
OUTPUTS 

Y0-Y9  (PINS  1-7,  9-11)  -  Active-Low  Decoded  Outputs. 
These  outputs  assume  a  low  level  when  addressed  and  re- 
main high  when  not  addressed. 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL  DATA 


2-Wide,  2-lnput/2-Wide,  3-lnput 
AND-NOR  Gates 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC51  is  identical  in  pinout  to  the  LS51 .  The  device  inputs  are  com- 
patible with  standard  CMOS  outputs;  with  pullup  resistors,  they  are  compatible  with 
LSTTL  outputs. 

•  Output  Drive  Capability:  10  LSTTL  Loads 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1  /iA 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  42  FETs  or  10.5  Equivalent  Gates 


MC54/74HC51 


J  SUFFIX 
CERAMIC 
CASE  632 


N  SUFFIX 
PLASTIC 
CASE  646 


D  SUFFIX 

SOIC 
CASE  7S1A 


ORDERING  INFORMATION 


MC74HCXXN  Plastic 
MC54HCXXJ  Ceramic 
MC74HCXXD  SOIC 

T/^=  -55°  to  125°C  for  all  packages. 

Dimensions  in  Chapter  7, 


LOGIC  DIAGRAM 


12   

1 3  |  

9 

10* — 1 

11  |  

=  IA1'B1'C1I  +  (D1'E1»F1) 


Y2  =  (A2»B2I  +  IC2'D2I 


PIN  14=VCC 
PIN  7  =  GN0 


PIN  ASSIGNMENT 


FUNCTION  TABLES 


Inputs 

Output 

A1  B1  C1  D1  E1  F1 

VI 

H     H     H    X    X  X 
X    X    X     H     H  H 
All  other  combinations 

I  i-  r 

Inputs 

Output 

A2      B2      C2  D2 

Y2 

H       H       X  X 
X       X       H  H 
All  other  combinations 

X  r-  i- 
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MC54/74HC51 


MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

VCC 

DC  Supply  Voltage  (Referenced  to  GND) 

—  0.5  to  +  7.0 

V 

V;„ 
vin 

DC  Input  Voltage  (Referenced  to  GND) 

-  1 .5  to  Vcc  +  1-5 

v 

Vout 

DC  Output  Voltage  (Referenced  to  GNDI 

-0.5  to  Vcc +  0-5 

V 

'in 

DC  Input  Current,  per  Pin 

±20 

mA 

'out 

DC  Output  Current,  per  Pin 

±25 

mA 

ice 

DC  Supply  Current,  Vcc  and  GND  Pins 

±50 

mA 

Pd 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

TStq 

Storage  Temperature 

-65  to  +150 

°C 

TL 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°C 

*Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
TDerating  -  Plastic  DIP:  -  10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjn  and 
Vout  should  be  constrained  to  the 
range  GND<(Vin  or  V0Ut)<VCC- 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  Vcc).  Unused 
outputs  must  be  left  open. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

vcc 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

«S»  'f 

Input  Rise  and  Fall  Time                          Vcc  =  2.0  V 
(Figure  1)                                          Vcc  =4.5  v 

VCC  =  6.0  V 

0 
0 
0 

1000 
500 
400 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 


vCc 

Guaranteed  Limit 

Symbol 

Parameter 

Test  Conditions 

25°C  to 

Unit 

V 

-55°C 

«85°C 

<125°C 

V|H 

Minimum  High-Level  Input 

Voul  =  0.1  Vor  VCC 

-0.1  V 

2.0 

1.5 

1.5 

1.5 

V 

Voltage 

|lou,|<20frA 

4.5 

3.15 

3.15 

3.15 

6.0 

4.2 

4.2 

4.2 

VlL 

Maximum  Low-Level  Input 

Vout  =  0.1  Vor  VCC 

-0.1  V 

2.0 

0.3 

0.3 

0.3 

V 

Voltage 

|lout|s20,rA 

4.5 

0.9 

0.9 

0.9 

6.0 

1.2 

1.2 

1.2 

VOH 

Minimum  High-Level  Output 

Vin  =  V|H  or  % 

2.0 

1.9 

1.9 

1.9 

V 

Voltage 

|lou,|  <20«A 

4.5 

4.4 

4.4 

4.4 

6.0 

5.9 

5.9 

5.9 

Vin  =  V|H  orV|L 

|lout|<4.0  mA 

4.5 

3.98 

3.84 

3.70 

|lout|<5.2  mA 

6.0 

5.48 

5.34 

5.20 

vol 

Maximum  Low-Level  Output 

Vin  =  V|H  or  V,L 

2.0 

0.1 

0.1 

0.1 

V 

Voltage 

1  lout  IS2CA 

4.5 

0.1 

0.1 

0.1 

6.0 

0.1 

0.1 

0.1 

vin=V|H  or  V|L 

|lout|  S4.0  mA 

4.5 

0.26 

0.33 

0.40 

|lout|«5.2  mA 

6.0 

0.26 

0.33 

0.40 

■in 

Maximum  Input  Leakage  Current 

Vin  =  VCC  °r  GND 

6.0 

±0.1 

±  1.0 

±1.0 

(■A 

ice 

Maximum  Quiescent  Supply 

Vin  =  VCC  °r  GND 

6.0 

2 

20 

40 

/"A 

Current  (per  Package) 

lout  =  0,<A 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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AC  ELECTRICAL  CHARACTERISTICS  (CL  =  50  pF,  Input  tr  =  tf  =  6  ns) 


vCc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

25°C  to 

<85°C 

<125°C 

Unit 

-55°C 

tPLH. 

Maximum  Propagation  Delay,  Any  Input  to  Output  Y 

2.0 

125 

155 

190 

ns 

lPHL 

(Figures  1  and  2) 

4.5 

25 

31 

38 

6.0 

21 

26 

32 

tTLH. 

Maximum  Output  Transition  Time,  Any  Output 

2.0 

75 

95 

110 

ns 

tTHL 

(Figures  1  and  2) 

4.5 

15 

19 

22 

6.0 

13 

16 

19 

Cin 

Maximum  Input  Capacitance 

10 

10 

10 

pF 

NOTES: 

1 .  For  propagation  delays  witj  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


CPD 

Power  Dissipation  Capacitance  (Per  Section) 

Typical  @  25°C.  VCc  =  5.0V 

Used  to  determine  the  no-load  dynamic  power  consumption: 

PD  =  CPD  Vcc2f  +  ICC  VCC 

23 

pF 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

Figure  1.  Switching  Waveforms  Figure  2.  Test  Circuit 


EXPANDED  LOGIC  DIAGRAM 


PIN  7  =  GND 
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2-Wide,  2-1  nput/2- Wide,  3-lnput 
AND-OR  Gates 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC58  is  identical  to  the  MC54/74HC51  except  that  the  outputs  are 
inverted.  The  device  inputs  are  compatible  with  standard  CMOS  outputs;  with  pull- 
up  resistors,  they  are  compatible  with  LSTTL  outputs. 

•  Output  Drive  Capability:  10  LSTTL  Loads 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1  /iA 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  42  FETs  or  10.5  Equivalent  Gates 


J  SUFFIX 
CERAMIC 
CASE  632 

14    ||    1  H  « 

|         N  SUFFIX 
f  PLASTIC 
CASE  646 

i 

t 

D  SUFFIX 

SOIC 
CASE  751A 

ORDERING  INFORMATION 

MC74HCXXN  Plastic 
MC54HCXXJ  Ceramic 
MC74HCXXD  SOIC 

Ta=  -55°  to  125°C  for  all  packages. 

Dimensions  in  Chapter  7. 

LOGIC  DIAGRAM 


1 

121  1 

13|  

VI  =|A1«B1«C1I  +  (D1«E1»F1) 


Y2  =  IA2«B2)  +  (C2«D2] 


PIN  14  =  VCC 
PIN  7  =  GND 


PIN  ASSIGNMENT 


FUNCTION  TABLES 


Inputs 

Output 

A1  B1  C1  D1   E1  F1 

Y1 

H     H     H     X    X  X 
X    X    X    H     H  H 
Any  other  combination 

H 

H 
L 

Inputs 

Output 

A2      B2      C2  02 

Y2 

H        H        X  X 
X        X        H  H 
Any  other  combination 

H 
H 

L 
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MC54/74HC58 


MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

vCc 

DC  Supply  Voltage  (Referenced  to  GND) 

-0.5  to  +7.0 

V 

Vjn 

DC  Input  Voltage  (Referenced  to  GND) 

-  1.5  to  Vcc  +  1-5 

V 

Volii 

DC  Output  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc +0.5 

V 

'in 

DC  Input  Current,  per  Pin 

±20 

mA 

lout 

DC  Output  Current,  per  Pin 

±25 

mA 

!CC 

DC  Supply  Current,  Vcc  and  GND  Pins 

±50 

mA 

PD 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tstq 

Storage  Temperature 

-65  to  +150 

°C 

TL 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°C 

*Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
tDerating  -  Plastic  DIP:  -  10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  - 10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjn  and 
Vout  should  be  constrained  to  the 
range  GND<(Vjn  or  Vout)<VCC. 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  Vcc'-  Unused 
outputs  must  be  left  open. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

vcc 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

%.  t, 



Input  Rise  and  Fall  Time  Vcc=2.0V 
(Figure  1)                                          VCc  =  4.5V 

VCC  =  6.0  V 

0 
0 
0 

1000 
500 
400 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 

Symbol 

Parameter 

Test  Conditions 

vcc 

V 

Guaranteed  Limit 

Unit 

25°  C  to 
-55°C 

<85°C 

S125°C 

VlH 

Minimum  High-Level  Input 
Voltage 

Vout  =  0.1  Vor  Vcc-0.1  V 
|lout|s20^A 

2.0 
4.5 
6.0 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

V 

V|L 

Maximum  Low-Level  Input 
Voltage 

Vout  =  0.1  Vor  Vcc-0.1  V 
|loutls20„A 

2.0 
4.5 
6.0 

0.3 
0  9 
1.2 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

V 

V0H 

Minimum  High-Level  Output 
Voltage 

Vin  =  V|H  or  VIL 
|lou,!s20„A 

2.0 
4.5 
6.0 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

V 

Vin  =  V|HorV|L  |lout|S4.0mA 
llout|s5.2  mA 

4.5 
6.0 

3.98 
5.48 

3.84 
5.34 

3.70 
5.20 

vol 

Maximum  Low-Level  Output 
Voltage 

Vin  =  V|H  or  V|L 
|lout|<20(lA 

2.0 
4.5 
6.0 

0.1 

0.1 
0.1 

0.1 

0.1 
0.1 

0.1 
0.1 
0.1 

V 

Vin  =  V|HorV|L             |lout|  S4.0  mA 
|lout|s5.2  mA 

4.5 
6.0 

0.26 
0.26 

0.33 
0.33 

0.40 
0.40 

■in 

Maximum  Input  Leakage  Current 

Vin  =  Vcc  or  GND 

6.0 

±0.1 

±1.0 

±1.0 

fA 

'cc 

Maximum  Quiescent  Supply 
Current  (per  Package) 

Vin  =  VCC  or  GND 
lout  =  0  iiA 

6.0 

2 

20 

40 

mA 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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MC54/74HC58 

AC  ELECTRICAL  CHARACTERISTICS  (CL  =  50  pF,  Input  tr  =  tf  =  6  ns) 


vcc 

Guaranteed  Limit 

Symbol 

Parameter 

25°C  to 

Unit 

V 

<85°C 

S125°C 

-55°C 

lPLH. 

Maximum  Propagation  Delay,  Any  Input  to  Output  Y 

2.0 

125 

155 

190 

ns 

tpHL 

(Figures  1  and  2) 

4.5 

25 

31 

38 

6.0 

21 

26 

32 

Maximum  Output  Transition  Time,  Any  Output 

2.0 

75 

95 

110 

ns 

*THL 

(Figures  1  and  2) 

4.5 

15 

19 

22 

6.0 

13 

16 

19 

Maximum  Input  Capacitance 

10 

10 

10 

pF 

NOTES: 

1.  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


CPD 

Power  Dissipation  Capacitance  (Per  Section) 

Typical  @  25°C.  Vcc=5.0  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 

PD  =  CPD  Vcc2'  +  'CC  VCC 

22 

pF 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

ANY 
INPUT 


,r~1  f~  ~*l T" 

;  50%  t 

 = c 10%  s-  


<PLH  " 


OUTPUT  ¥ 


vcc 

GND 


 =r 

\  

«  ->l    U—  1THL 


-•PHL 


'  1TLH  *H  K—  — *i  K—  tTHL 
Figure  1.  Switching  Waveforms 


TEST  POINT 


*lncludes  all  probe  and  jig  capacitance. 
Figure  2.  Test  Circuit 


EXPANDED  LOGIC  DIAGRAM 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL  DATA 


Dual  J-K  Flip-Flop  with  Reset 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC73  is  identical  in  pinout  to  the  LS73.  The  device  inputs  are  com- 
patible with  standard  CMOS  outputs;  with  pullup  resistors,  they  are  compatible  with 
LSTTL  outputs. 

Each  flip-flop  is  negative-edge  clocked  and  has  an  active-low  asynchronous  i 
The  MC54/74HC73  is  identical  in  function  to  the  HC107,  but  has  a  different 
pinout. 

•  Output  Drive  Capability:  10  LSTTL  Loads 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1  /iA 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  92  FETs  or  23  Equivalent  Gates 


LOGIC  DIAGRAM 


Clock  2- 


K2- 


7 

> 

_9_ 

10 

-Q2 


-02 


Reset  2  - 


Pin4  =  VCc 
Pin  11=GND 


MC54/74HC73 


J  SUFFIX 
CERAMIC 
CASE  632 


N  SUFFIX 
PLASTIC 
CASE  646 


D  SUFFIX 

SOIC 
CASE  751 A 


ORDERING  INFORMATION 

MC74HCXXN  Plastic 
MC54HCXXJ  Ceramic 
MC74HCXXD  SOIC 

Ta=  -55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 


PIN  ASSIGNMENT 


Clock  1 
Reset  1 
K1 

VCC 
Clock  2 
Reset  2 
J2| 


1« 

2 


3 
4 
5 

d6 


14 
13 
12 
11 
10 

9b 


8  ] 


]  J1 

I  51 

1  0.1 
I  GND 
I  K2 

Q2 
02 


FUNCTION  TABLE 


Inputs 

Outputs 

Rese 

Clock 

J 

K 

Q  0 

L 

X 

X 

X 

L  H 

H 

"V 

L 

L 

No  Change 

H 

L 

H 

L  H 

H 

S. 

H 

L 

H  L 

H 

"V 

H 

H 

Toggle 

H 

L 

X 

X 

No  Change 

H 

H 

X 

X 

No  Change 

H 

-T 

X 

X 

No  Change 
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Symbol 

Parameter 

Value 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

-0.5  to  +7.0 

V 

Vin 

DC  Input  Voltage  (Referenced  to  GND) 

-  1.5  to  Vcc +1-5 

V 

Voiit 

DC  Output  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc +  0.5 

V 

hn 

DC  Input  Current,  per  Pin 

±20 

mA 

'out 

DC  Output  Current,  per  Pin 

.25 

mA 

ice 

DC  Supply  Current,  Vcc  and  GND  Pins 

+  50 

mA 

PD 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tstg 

Storage  Temperature 

-65  to  +150 

°c 

TL 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°C 

*Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
tDerating  -  Plastic  DIP:  -10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjn  and 
Vout  should  be  constrained  to  the 
range  GND<(Vjn  or  Vout)<Vcc. 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  Vcc'-  Unused 
outputs  must  be  left  open. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max  |  Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

vcc 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

125 

"C 

<r.  tf 

Input  Rise  and  Fall  Time                          Vcc  =2.0  v 
(Figure  11                                              VCc  =  4.5  V 

VCC  =  6.0  V 

0 
0 

0 

1000 
500 
400 

ns 

DC  ELEC1 

fRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 

Symbol 

Parameter 

Test  Conditions 

vcc 

V 

Guaranteed  Limit 

Unit 

25°  C  to 
-55°C 

S85°C 

<125°C 

V|H 

Minimum  High-Level  Input 
Voltage 

Vout  =  0.1  Vor  Vcc-0.1  V 
|lout|<20^A 

2.0 
4.5 
6.0 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

V 

VlL 

Maximum  Low-Level  Input 
Voltage 

Vout  =  0.1  Vor  Vcc-0.1  V 
|lout|<20f.A 

2.0 
4.5 
6.0 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

V 

VOH 

Minimum  High-Level  Output 
Voltage 

Vin  =  v|H  °<  V|L 
|lou,|s20,oA 

2.0 
4.5 
6.0 

1.9 
4.4 

5.9 

1.9 
4.4 

5.9 

1.9 
4.4 
5.9 

V 

Vin  =  V|H°rV|L  |lout|<4.0mA 
Moutl  =S5.2  mA 

4.5 
6.0 

3.98 
5.48 

3.84 
5.34 

3.70 
5.20 

vol 

Maximum  Low-Level  Output 
Voltage 

Vin  =  V,H  or  V,L 
|lout|<20,,A 

2.0 
4.5 
6.0 

0.1 
0.1 
0.1 

0.1 
0.1 

0.1 

0.1 
0.1 
0.1 

V 

Vin  =  V,HorV|L  |lout|<4.0mA 
|lout|<5.2  mA 

4.5 
6.0 

0.26 
0.26 

0.33 
0.33 

0.40 
0.40 

■in 

Maximum  Input  Leakage  Current 

Vin  =  VCC  or  GND 

6.0 

±0.1 

±1.0 

±1.0 

«A 

!CC 

Maximum  Quiescent  Supply 
Current  (per  Package) 

Vin  =  VCC  O'  GND 
lout  =  0  )iA 

6.0 

4 

40 

80 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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MC54/74HC73 


AC  ELECTRICAL  CHARACTERISTICS  [CL  =  50  pF,  Input  tr  =  tf  =  6  ns) 


VCC 
V 

Guaranteed  Limit 

Symbol 

Parameter 

25°C  to 

<85°C 

<125°C 

Unit 

-55°C 

fmax 

Maximum  Clock  Frequency  (50%  Duty  Cyclel 

2.0 

6.0 

4.8 

4.0 

MHz 

(Figures  1  and  4) 

4.5 

30 

24 

20 

6.0 

35 

28 

24 

•PLH. 

Maximum  Propagation  Delay,  Clock  to  Q  or  Q 

2.0 

125 

155 

190 

ns 

IPHL 

(Figures  1  and  4) 

4.5 

25 

31 

38 

6.0 

21 

26 

32 

tPLH. 

Maximum  Propagation  Delay,  Reset  to  Q  or  Q 

2.0 

155 

195 

235 

ns 

'PHL 

(Figures  2  and  41 

4.5 

31 

39 

47 

6.0 

26 

33 

40 

«TLH. 

Maximum  Output  Transition  Time,  Any  Output 

2.0 

75 

95 

110 

ns 

'THL 

(Figures  1  and  4) 

4.5 

15 

19 

22 

6.0 

13 

16 

19 

Maximum  Input  Capacitance 

10 

10 

10 

PF 

NOTES: 

1.  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


Cpo 

Power  Dissipation  Capacitance  (Per  Flip-Flop) 

Typical  @  25"C.  VCC  =  5  0  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 

PD  =  Cpo  VCc2f+lcC  VCC 

35 

pF 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

TIMING  REQUIREMENTS  (Input  tr  =  tf  =  6  nsl 


vcc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

2S°C  to 
-5S°C 

<8S°C 

<12S°C 

Unit 

hu 

Minimum  Setup  Time,  J  or  K  to  Clock 
(Figure  3) 

4.5 

100 

125 

150 
30 
26 

ns 

<h 

Minimum  Hold  Time,  Clock  to  J  or  K 
(Figure  3) 

2.0 
4.5 
6.0 

3 
3 
3 

3 
3 
3 

3 
3 
3 

ns 

<rec 

Minimum  Recovery  Time,  Reset  Inactive  to  Clock 
(Figure  2) 

2.0 
4.5 
6.0 

100 
20 
17 

125 
25 
21 

150 
30 
26 

ns 

tw 

Minimum  Pulse  Width,  Clock 
(Figure  1) 

2.0 

80 

100 

120 

ns 

4.5 
6.0 

16 
14 

20 
17 

24 
20 

tw 

Minimum  Pulse  Width,  Reset 
(Figure  21 

2.0 
4.5 
6.0 

80 
16 
14 

100 
20 
17 

120 
24 
20 

ns 

V  tf 

Maximum  Input  Rise  and  Fall  Times 
(Figure  1) 

2.0 
4.5 
6.0 

1000 
500 
4O0 

1000 
500 
400 

1000 
500 
400 

ns 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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MC54/74HC73 


SWITCHING  WAVEFORMS 


FIGURE  1 


Clock 


 4r   90%  *  

\50%  / 
^10%  Jf. 


Q  orQ 


FIGURE  2 


Reset 


50% 


tPHL 
50% 


Clock 


-IPLH 


50% 


VCC 
GND 


-•rec- 


50%^^ 


VCC 
GND 


FIGURE  3 


JorK 


Clock 


p  — 1 

<50%  ¥ 

 /TV  /rs  

k-'su  »|«  »h— »l 

""^50% 


VCC 
GND 

—  vcc 

  GND 


FIGURE  4  —  TEST  CIRCUIT 

Test  Point 

-=CL* 

"Includes  all  probe  and  jig  capacitance. 


EXPANDED  LOGIC  DIAGRAM 


Reset 


2.6 


Clock  IL^Nci^J 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL  DATA 


Dual  D  Flip-Flop  with  Set 
and  Reset 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC74  is  identical  in  pinout  to  the  LS74.  The  device  inputs  are  com- 
patible with  standard  CMOS  outputs;  with  pullup  resistors,  they  are  compatible  with 
LSTTL  outputs. 

This  device  consists  of  two  D  flip-flops  with  individual  Set,  Reset,  and  Clock  in- 
puts. Information  at  a  D-input  is  transferred  to  the  corresponding  Q  output  on  the 
next  positive  going  edge  of  the  clock  input.  Both  Q  and  Q  outputs  are  available 
from  each  flip-flop.  The  Set  and  Reset  inputs  are  asynchronous. 

•  Output  Drive  Capability:  10  LSTTL  Loads 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1  fiA 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  128  FETs  or  32  Equivalent  Gates 


LOGIC  DIAGRAM 
1 


Clock  1 


Reset  2 


Data  2- 


Clock  2  - 


12 

9 

11 

> 

8 

-Q2 


-01 


Set  2  - 


Pin  14  =  V(;c 
Pin  7=  GND 


MC54/74HC74 


14       II  u 

J  SUFFIX 
CERAMIC 
CASE  632 

u  I 1  1 1  u  y  u 

N  SUFFIX 
PLASTIC 
CASE  646 

i 

D  SUFFIX 

SOIC 
CASE  751A 

ORDERING  INFORMATION 

MC74HCXXN 
MC54HCXXJ 
MC74HCXXD 

Plastic 

Ceramic 

SOIC 

T/\=  -55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 

PIN  ASSIGNMENT 


Reset  1  I 
Data  1 1 
Clock  1 1 
Set  11 
Q1  I 
Oil 
GND  I 


IVCC 
I  Reset  2 
I  Data  2 
I  Clock  2 
10  ]Set2 

9  102 

8  I  02 


FUNCTION  TABLE 


Inputs 

Outputs 

Set 

Reset  Clock 

Data 

Q  Q 

L 

H 

X 

X 

H  L 

H 

L 

X 

X 

L  H 

L 

L 

X 

X 

H*  H* 

H 

H 

H 

H  L 

H 

H 

L 

L  H 

H 

H 

L 

X 

No  Change 

H 

H 

H 

X 

No  Change 

H 

H 

X 

No  Change 

*  Both  outputs  will  remain  high  as  long  as 
Set  and  Reset  are  low,  but  the  output 
states  are  unpredictable  if  Set  and 
Reset  go  high  simultaneously. 
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Symbol 

Parameter 

Value 

Unit 

VCC 

DC  Supply  Voltage  (Referenced  to  GND) 

-0.5  to  +7.0 

V 

vin 

DC  Input  Voltage  (Referenced  to  GND) 

-  1.5  to  Vcc+  1-5 

V 

vout 

DC  Output  Voltage  (Referenced  to  GNDI 

-0.5  to  Vcc  +  0.5 

V 

Hn 

DC  Input  Current,  per  Pin 

±20 

mA 

'out 

DC  Output  Current,  per  Pin 

±25 

mA 

ice 

fir   C  >r.nlw  r,  iwsnt     Wr*r*    nr\ri        M  Pi  Dine? 

L>u  ouppiy  uurrent,  vqq  ano  oimu  rms 

+  50 

^D 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tstg 

Storage  Temperature 

-65  to  +150 

°c 

TL 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°C 

*  Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
tDerating  -  Plastic  DIP:  -10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -  10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjn  and 
V0ut  should  be  constrained  to  the 
range  GND<(Vin  or  Vout)<VCC- 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  VqC*-  Unused 
outputs  must  be  left  open. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vCc 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin.V0ut 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GNDI 

0 

vCc 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°C 

tr.  tf 

Input  Rise  and  Fall  Time                          Vcc  =  2.0V 
(Figure  1)  Vcc=4.5V 

VCC  =  6.0  V 

0 
0 
0 

1000 
500 
400 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 


VCC 

Guaranteed  Limit 

Symbol 

Parameter 

Test  Conditions 

25°  C  to 

Unit 

V 

<85°C 

<125"C 

-55°C 

V|H 

Minimum  High-Level  Input 

Vout  =  0.1  Vor  VCC 

-0.1  V 

2.0 

1.5 

1.5 

1.5 

V 

Voltage 

|lout|s20^A 

4.5 

3.15 

3.15 

3.15 

6.0 

4.2 

4.2 

4.2 

VlL 

Maximum  Low-Level  Input 

Vout  =  0.1  VorVcc 

-0.1  V 

2.0 

0.3 

0.3 

0.3 

V 

Voltage 

|lout|s20^A 

4.5 

0.9 

0.9 

0.9 

6.0 

1.2 

1.2 

1.2 

VOH 

Minimum  High-Level  Output 

Vin  =  V|H  or  V|L 

2.0 

1.9 

1.9 

1.9 

V 

Voltage 

|lout|<20)1A 

4.5 

4.4 

4.4 

4.4 

6.0 

5.9 

5.9 

5.9 

Vin  =  V|H  or  V|L 

lout|<4.0  mA 

4.5 

3.98 

3.84 

3.70 

|loutj<5.2  mA 

6.0 

5.48 

5.34 

5.20 

vol 

Maximum  Low- Level  Output 

Vin  =  V|H  or  V|L 

2.0 

0.1 

0.1 

0.1 

V 

Voltage 

iloutls20„A 

4.5 

0.1 

0.1 

0.1 

6.0 

0.1 

0.1 

0.1 

Vin  =  V|HorV|L 

|lout|<4.0  mA 

4.5 

0.26 

0.33 

0.40 

|lout|<5.2mA 

6.0 

0.26 

0.33 

0  40 

■in 

Maximum  Input  Leakage  Current 

Vin=VCC  or  GND 

6.0 

+  0.1 

±10 

±1.0 

«A 

'CC 

Maximum  Quiescent  Supply 

Vin=Vcc  °'  GND 

6.0 

4 

40 

80 

Current  (per  Package) 

lout  =  0/'A 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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AC  ELECTRICAL  CHARACTERISTICS  (CL  =  50  pF,  Input  tr  =  tf  =  6  ns) 


VCC 
V 

Guaranteed  Limit 

Symbol 

Parameter 

2S"C  to 

<85°C 

-  1 25 0  C 

Unit 

-55°C 

fmax 

Maximum  Clock  Frequency  (50%  Duty  Cyclel 

2.0 

6.0 

4.8 

4.0 

MHz 

(Figures  1  and  4) 

4.5 

30 

24 

20 

6.0 

35 

28 

24 

'PLH. 

Maximum  Propagation  Delay,  Clock  to  Q  or  Q 

2.0 

175 

220 

265 

ns 

'PHL 

(Figures  1  and  4) 

4.5 

35 

44 

53 

6.0 

30 

37 

45 

'PLH. 

Maximum  Propagation  Delay,  Set  or  Reset  to  Q  or  Q 

2.0 

230 

290 

345 

ns 

'PHL 

(Figures  2  and  4) 

4.5 

46 

58 

69 

6.0 

39 

49 

59 

Tlh. 

Maximum  Output  Transition  Time,  Any  Output 

2.0 

75 

95 

110 

ns 

<THL 

(Figures  1  and  4) 

4.5 

15 

19 

22 

6.0 

13 

16 

19 

Cjn 

Maximum  Input  Capacitance 

10 

10 

10 

pF 

NOTES: 

1.  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


CPD 

Power  Dissipation  Capacitance  (Per  Flip-Flopl 

Typical  @  25°C.  Vcc  =  5.0  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 

PD  =  CPD  Vc^f+lcc  vcc 

39 

pF 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

TIMING  REQUIREMENTS  [Input  tr  =  tf  =  6  ns) 


Symbol 

Parameter 

vcc 

V 

Guaranteed  Limit 

Unit 

2S°Cto 
-55°C 

<86°C 

<125°C 

tsu 

Minimum  Setup  Time,  Data  to  Clock 
(Figure  3) 

2.0 
4.5 
6.0 

100 
20 
17 

125 
25 
21 

150 
30 
26 

ns 

th 

Minimum  Hold  Time,  Clock  to  Data 
(Figure  3) 

2.0 
4.5 
6.0 

3 
3 
3 

3 
3 
3 

3 
3 
3 

ns 

'rec 

Minimum  Recovery  Time,  Set  or  Reset  Inactive  to  Clock 
(Figure  2) 

2.0 
4.5 
6.0 

5 
5 
5 

5 
5 
5 

5 
5 
5 

ns 

'w 

Minimum  Pulse  Width,  Clock 
(Figure  11 

2.0 
4.5 
6.0 

80 
16 
14 

100 
20 
17 

120 
24 
20 

ns 

«w 

Minimum  Pulse  Width,  Set  or  Reset 
(Figure  2) 

2.0 
4.5 
6.0 

80 
16 
14 

100 
20 
17 

120 
24 
20 

ns 

tf.  tf 

Maximum  Input  Rise  and  Fall  Times 
(Figure  11 

2.0 
4.5 
6.0 

1000 
500 
400 

1000 
500 
400 

1000 
500 
400 

ns 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 


MOTOROLA  HIGH-SPEED  CMOS  LOGIC  DATA 

5-81 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL  DATA 


Dual  2-Bit  Transparent  Latch 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC75  is  identical  in  pinout  to  the  LS75.  The  device  inputs  are  com- 
patible with  standard  CMOS  outputs;  with  pullup  resistors,  they  are  compatible  with 
LSTTL  outputs. 

This  device  consists  of  two  independent  2-bit  transparent  latches.  Each  latch 
stores  the  input  data  while  Latch  Enable  is  at  a  logic  low.  The  outputs  follow  the 
data  inputs  when  Latch  Enable  is  at  a  logic  high. 

•  Output  Drive  Capability:  10  LSTTL  Loads 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  80  FETs  or  20  Equivalent  Gates 


MC54/74HC75 


LOGIC  DIAGRAM 


DATA 
INPUTS  ' 


00- 
D1  ■ 


2,  6 

3,  7 

2  BIT 
TRANSPARENT 
LATCH 

16,  10 

1.  11 

15.  9 

14.  8 

•  00 

•  00 
■  01 


LATCH 
ENABLE  ' 


PIN  5  =  Vrx 
PIN  12  =  GND 


J  SUFFIX 

CERAMIC 

i 

CASE  620 

|            N  SUFFIX 

PLASTIC 

1            CASE  648 

1 

D  SUFFIX 

SOIC 

CASE  751 

ORDERING  INFORMATION 

MC74HCXXN 

Plastic 

MC54HCXXJ 

Ceramic 

MC74HCXXD 

SOIC 

Ta=  -55°  to  125°C  for  all  packages. 

Dimensions  in  Chapter  7. 

PIN  ASSIGNMENT 


FUNCTION  TABLE 


Inputs 

Outputs 

D  Latch 
Enable 

Q  5 

L  H 
H  H 
X  L 

L  H 
H  L 
QO  Q0 

X  =  don't  care 
Q0  =  latched  data 
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value 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

-0.5  to  +7.0 

V 

Vin 

DC  Input  Voltage  (Referenced  to  GND) 

- 1 .5  to  Vcc  +  1  -5 

V 

Vout 

DC  Output  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc +  0.5 

V 

■in 

DC  Input  Current,  per  Pin 

±20 

mA 

'out 

rtP  ("tutniif  Purrftnt    n«r  Pin 

L/W  UUI|JU1  V^UIICIIl,  pel    1  III 

±25 

mA 

'cc 

DC  Sunnlw  Purrftnt  \Jr^r-  anH  fiND  Pin<; 

ljv^  ouppiy  V*UII9llt,    H,             VJI1L/  r II  13 

±50 

mA 

PD 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

TStH 

Storage  Temperature 

-65  to  +160 

»C 

TL 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°c 

♦Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
tDerating  -  Plastic  DIP:  - 10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  - 10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjn  and 
Vout  should  be  constrained  to  the 
range  GND<(Vin  or  Vout)<Vcc- 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  Vcc)-  Unused 
outputs  must  be  left  open. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

vcc 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

tr.tf 

Input  Rise  and  Fall  Time 
(Figure  1) 

Vcc  =2.0  V 
VCC  =  4.5  V 
VCC  =6.0  V 

0 
0 
0 

1000 
500 
400 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 

VCC 
V 

Guaranteed  Limit 

Symbol 

Parameter 

Test  Conditions 

25°  C  to 
-5S°C 

S86°C 

<=125°C 

Unit 

V|H 

Minimum  High-Level  Input 
Voltage 

Vout  =  0.1  Vor  Vcc-0.1  V 
|lout|s20^A 

2.0 
4.5 
6.0 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

V 

V|L 

Maximum  Low-Level  input 
Voltage 

Vout  =  0.1  Vor  Vcc-0.1  V 

2.0 
4.5 
6.0 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

V 

VOH 

Minimum  High-Level  Output 
Voltage 

Vin  =  V|H  or  V|L 
|lou,|  <.20  nA 

2.0 
4.5 
6.0 

1.9 
4.4 

5.9 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

V 

Vin  =  V|HorV|L 

|lout|<4.0  mA 
|lout|<5.2  mA 

4.5 
6.0 

3.98 
5.48 

3.84 
5.34 

3.70 
5.20 

vol 

Maximum  Low-Level  Output 
Voltage 

Vin=V|H  orV|L 
Houtls20^ 

2.0 
4.5 
6.0 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

V 

Vin  =  V,H  orV|L 

|lout|s4.0  mA 
Moutl  =sB.2  mA 

4.5 
6.0 

0.26 
0.26 

0.33 
0.33 

0.40 
0.40 

'in 

Maximum  Input  Leakage  Current 

Vin  =  VCC  °r  GND 

6.0 

±0.1 

±1.0 

±1.0 

UiA 

ice 

Maximum  Quiescent  Supply 
Current  (per  Package) 

Vin  =  VcC°'GND 
'out30 

6.0 

4 

40 

80 

PA 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 


MOTOROLA  HIGH-SPEED  CMOS  LOGIC  DATA 
5-84 


MC54/74HC75 


AC  ELECTRICAL  CHARACTERISTICS  (CL  =  50  pF,  Input  tr  =  tf  =  6  ns) 


VCC 
V 

Guaranteed  Limit 

Symbol 

Parameter 

26°C  to 
-5S°C 

■  85 0  C 

1 25  0  C 

Unit 

'PLH. 
'PHL 

Maximum  Propagation  Delay,  D  to  Q 
(Figures  1  and  5) 

2.0 
4.5 
6.0 

125 
25 
21 

155 
31 
26 

190 
38 
32 

ns 

'PLH. 
'PHL 

Maximum  Propagation  Delay,  D  to  Q 
(Figures  1  and  5) 

2.0 
4.5 
6.0 

110 
22 
19 

140 
28 
24 

165 
33 
28 

ns 

'PLH* 
'PHL 

Maximum  Propagation  Delay,  Latch  Enable  to  Q 
(Figures  2  and  51 

2.0 
4  5 
6.0 

145 
29 
25 

180 
36 
31 

220 
44 
38 

ns 

'PLH' 
'PHL 

Maximum  Propagation  Delay,  Latch  Enable  to  Q 
(Figures  2  and  5) 

2.0 
4.5 
6.0 

125 
25 
21 

155 
31 
26 

190 
38 
32 

ns 

Tlh- 
thl 

Maximum  Output  Transition  Time,  Any  Output 
(Figures  3  and  5) 

2.0 
4.5 
6.0 

75 
15 
13 

95 
19 
16 

110 
22 
19 

ns 

Cin 

Maximum  Input  Capacitance 

10 

10 

10 

NOTES: 

1 .  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


Cpo 

Power  Dissipation  Capacitance  (Per  Latch) 

Typical  @  25°C,  Vcc=S  «  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 

PD  =  CpD  Vcr^f+lcC  VCC 

35 

PF 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

TIMING  REQUIREMENTS  (Input  tr  =  tf  =  6  ns) 


vCc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

25°C  to 
-SS'C 

save 

S125°C 

Unit 

'su 

Minimum  Setup  Time,  D  to  Latch  Enable 

2.0 

100 

125 

150 

ns 

(Figure  4) 

4.5 

20 

25 

30 

6.0 

17 

21 

26 

'h 

Minimum  Hold  Time,  Latch  Enable  to  D 

2.0 

25 

30 

40 

ns 

(Figure  4) 

4.5 

5 

6 

8 

6.0 

5 

6 

7 

'w 

Minimum  Pulse  Width,  Latch  Enable  Input 

2.0 

80 

100 

120 

ns 

(Figure  4) 

4.5 

16 

20 

24 

6.0 

14 

17 

20 

'r.  'f 

Maximum  Input  Rise  and  Fall  Times 

2.0 

1000 

1000 

1000 

ns 

(Figure  1) 

4.5 

500 

500 

500 

6.0 

400 

400 

400 

NOTE:  Infor 

mation  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listin 

g  on  pac 

e4-2. 
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MC54/74HC75 


SWITCHING  WAVEFORMS 


•includes  all  probe  and  jig  capacitance. 
Figure  5.  Test  Circuit 


EXPANDED  LOGIC  DIAGRAM 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL  DATA 


Dual  J-K  Flip-Flop  with  Set 
and  Reset 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC76  is  identical  in  pinout  to  the  LS76.  The  device  inputs  are  com- 
patible with  standard  CMOS  outputs;  with  pullup  resistors,  they  are  compatible  with 
LSTTL  outputs. 

Each  flip-flop  is  negative-edge  clocked  and  has  active-low  asynchronous  Set  and 
Reset  inputs. 

The  HC76  is  identical  in  function  to  the  HC112,  but  has  a  different  pinout. 

•  Similar  in  Function  to  the  LS76  Except  When  Set  and  Reset  are  Low 

Simultaneously 

•  Output  Drive  Capability:  10  LSTTL  Loads 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1  /iA 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  100  FETs  or  25  Equivalent  Gates 


LOGIC  DIAGRAM 


Set1  • 

K1  • 
Clock  1  ■ 

J1  • 
Reset  1  ■ 
Set  2  • 

K2  • 
Clock  2  • 

J2  • 
Reset  2  ■ 


16 

> 

15 

-!— o 

14 

4 

•  Q1 


12 

11 

_6  

9 

10 

•  Q2 


-  Q2 


Pin  5=  VCC 
Pin  13=GND 


MC54/74HC76 


J  SUFFIX 
CERAMIC 
CASE  620 

|           N  SUFFIX 
PLASTIC 
CASE  648 

D  SUFFIX 

SOIC 
CASE  751 

ORDERING  INFORMATION 

MC74HCXXN  Plastic 
MC54HCXXJ  Ceramic 
MC74HCXXD  SOIC 

T/\=  -55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 

PIN  ASSIGNMENT 


Clock  1111 
Set  1  (  2 
Reset  1  I  3 
J1  |  4 

VCC  1  5 
Clock  2  I  6 

Set  2  I  7 
Reset  2  (  8 


16  I  K1 
15  I  Q1 
14  I  CTT 


13 


|  GND 


12  I  K2 
I  Q2 
I  Q2 
9  |  J2 


FUNCTION  TABLE 


Inputs 

Outputs 

Set 

Reset 

Clock 

J 

K 

Q  7J 

L 

H 

X 

X 

X 

H  L 

H 

L 

x 

X 

X 

L  H 

L 

L 

X 

X 

X 

L*  L» 

H 

H 

L 

L 

No  Change 

H 

H 

s. 

L 

H 

L  H 

H 

H 

"V 

H 

L 

H  L 

H 

H 

~\_ 

H 

H 

Toggle 

H 

H 

L 

X 

X 

No  Change 

H 

H 

H 

X 

X 

No  Change 

H 

H 

J- 

X 

X 

No  Change 

*  Both  outputs  will  remain  low  as  long  as  Set  and 
Reset  are  low,  but  the  output  states  are  unpre- 
dictable if  Set  and  Reset  go  high  simultaneously. 
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MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

DC  Supply  Voltage  (Referenced  to  GND) 

-  0.5  to  +7.0 

V 

V;„ 
vm 

DC  Input  Voltage  (Referenced  to  GND) 

—  1.5  to  Vcc  +  1-6 

v 

Vout 

DC  Output  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc +  0.5 

V 

'in 

DC  Input  Current,  per  Pin 

±20 

mA 

'out 

DC  Output  Current,  per  Pin 

±25 

mA 

ice 

DC  Supply  Current,  Vcc  and  GND  pins 

±50 

mA 

PD 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tstq 

Storage  Temperature 

-65  to  +150 

°C 

TL 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°C 

*Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
tDerating  -  Plastic  DIP:  -10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  efectric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjn  and 
vout  should  be  constrained  to  the 
range  GND<(Vin  or  Vout)<VCC. 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  Vqc>-  Unused 
outputs  must  be  left  open. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

vcc 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

tr-  tf 

Input  Rise  and  Fall  Time                          Vcc  =  2.0V 
(Figure  1)  VCC=«V 

VCc  =  6.0  V 

0 
0 
0 

1000 
500 
400 

ns 

DC  ELECTRICAL  CHARACTERISTICS  [Voltages  Referenced  to  GND) 


Symbol 

Parameter 

Test  Conditions 

vcc 

V 

Guaranteed  Limit 

Unit 

25°C  to 
-55°C 

£85"C 

<125°C 

V|H 

Minimum  High-Level  Input 
Voltage 

Vout  =  0.1  Vor  Vcc-0.1  V 
|loutls20„A 

2.0 
4.5 
6.0 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

V 

V|L 

Maximum  Low-Level  Input 
Voltage 

Vout  =  0.1  Vor  Vcc-0.1  V 
|lout|<20,1A 

2.0 
4.5 
6.0 

0.3 
0.9 

1.2 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

V 

VOH 

Minimum  High-Level  Output 
Voltage 

vin  =  v|H  of  V|L 
|lout|*20^A 

2.0 
4.5 
6.0 

1.9 
4.4 

5.9 

1.9 
4.4 
5.9 

1.9 
4.4 

5.9 

V 

Vin  =  V|HorV|L  |lout|<4.0mA 
|lout|<5.2  mA 

4.5 
6.0 

3.98 
5.48 

3.84 
5.34 

3.70 
5.20 

vol 

Maximum  Low-Level  Output 
Voltage 

Vin  =  V|H  or  V|L 
|lout|-20^ 

2.0 
4.5 
6.0 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

V 

Vin  =  V|HorV|L  |lout|<4.0mA 
|lout|<5.2  mA 

4.5 
6.0 

0.26 
0.26 

0.33 
0.33 

0.40 
0.40 

■in 

Maximum  Input  Leakage  Current 

Vin  =  VcC  or  GND 

6.0 

±0.1 

±1.0 

±10 

«A 

ice 

Maximum  Quiescent  Supply 
Current  (per  Package) 

Vin  =  Vcc  or  GND 
lout  =  neA 

6.0 

4 

40 

80 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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AC  ELECTRICAL  CHARACTERISTICS  (CL  =  50  pF,  Input  tr  =  tf  =  6  nsl 


vCc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

25°C  to 
-55°C 

<85°C 

<125°C 

Unit 

fmax 

Maximum  Clock  Frequency  (50%  Duty  Cycle) 
(Figures  1  and  4) 

2.0 
4.5 
6.0 

6.0 
30 
35 

4.8 
24 
28 

4.0 
20 
24 

MHz 

tPLH. 
tpHL 

Maximum  Propagation  Delay,  Clock  to  Q  or  Q 
(Figures  1  and  4) 

2.0 
4.5 
6.0 

125 
25 
21 

155 
31 
26 

190 
38 
32 

ns 

lPLH- 
tpHL 

Maximum  Propagation  Delay,  Reset  to  Q  or  Q 
(Figures  2  and  4) 

2.0 
4.5 
6.0 

155 
31 
26 

195 
39 
33 

235 
47 
40 

ns 

tpLH- 
tpHL 

Maximum  Propagation  Delay,  Set  to  Q  or  Q 
(Figures  2  and  4) 

2.0 
4.5 
6.0 

165 
33 
28 

205 
41 
35 

250 
50 
43 

ns 

tTLH- 
TTHL 

Maximum  Output  Transition  Time,  Any  Output 
(Figures  1  and  4) 

2.0 
4.5 
6.0 

75 
15 
13 

95 
19 
16 

110 
22 
19 

ns 

Cin 

Maximum  Input  Capacitance 

10 

10 

10 

pF 

NOTES: 


1.  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


CPD 

Power  Dissipation  Capacitance  (Per  Flip-Flop) 

Typical  @  25°C,  Vcc  =  5  0  v 

Used  to  determine  the  no-load  dynamic  power  consumption: 

PD  =  CPD  Vcc2' +  'CC  VCC 

35 

pF 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

TIMING  REQUIREMENTS  [Input  tr  =  tf  =  6  nsl 


vcc 

Guaranteed  Limit 

Symbol 

Parameter 

25°  C  to 

Unit 

V 

-5S°C 

-  85°C 

s125°C 

tsu 

Minimum  Setup  Time,  J  or  K  to  Clock 

2.0 

100 

125 

150 

ns 

(Figure  3) 

4.5 

20 

25 

30 

6.0 

17 

21 

26 

th 

Minimum  Hold  Time,  Clock  to  J  or  K 

2.0 

3 

3 

3 

ns 

(Figure  3) 

4.5 

3 

3 

3 

6.0 

3 

3 

3 

lrec 

Minimum  Recovery  Time,  Set  or  Reset  Inactive  to  Clock 

2.0 

100 

125 

150 

ns 

(Figure  2) 

4.5 

20 

25 

30 

6.0 

17 

21 

26 

tw 

Minimum  Pulse  Width,  Clock 

2.0 

80 

100 

120 

ns 

(Figure  11 

4.5 

16 

20 

24 

6.0 

14 

17 

20 

>w 

Minimum  Pulse  Width,  Set  or  Reset 

2.0 

80 

100 

120 

ns 

(Figure  2) 

4.5 

16 

20 

24 

6.0 

14 

17 

20 

tr.  tf 

Maximum  Input  Rise  and  Fall  Times 

2.0 

1000 

1000 

1000 

ns 

(Figure  1) 

4.5 

500 

500 

500 

6.0 

400 

400 

400 

NOTE:  Info 

mation  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listin 

g  on  pac 

«  4-2. 
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SWITCHING  WAVEFORMS 
FIGURE  1  FIGURE  2 


Includes  all  probe  and  jig  capacitance. 


EXPANDED  LOGIC  DIAGRAM 


CL 


MOTOROLA  HIGH-SPEED  CMOS  LOGIC  DATA 

5-90 


MOTOROLA 

SEMICONDUCTOR 

TECHNICAL  DATA 


MC54/74HC85 


4-Bit  Magnitude  Comparator 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC85  is  identical  in  pinout  and  function  to  the  LS85.  This  device  is 
similar  in  function  to  the  MM74C85  and  L85,  but  has  a  different  pinout.  The  device 
inputs  are  compatible  with  standard  CMOS  outputs;  with  pullup  resistors,  they  are 
compatible  with  LSTTL  outputs. 

This  4-Bit  Magnitude  Comparator  compares  two  4-bit  nibbles  and  gives  a  high 
voltage  level  on  either  the  A>Bout,  A  =  Bout,  or  A<Bout  output,  leaving  the  other 
two  at  a  low  voltage  level.  This  device  also  has  A>Bjn,  A  =  Bjn,  and  A<  Bjn  inputs, 
eliminating  the  need  for  external  gates  when  cascading. 

•  Output  Drive  Capability.  10  LSTTL  Loads 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1  jiA 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  248  FETs  or  62  Equivalent  Gates 


LOGIC  DIAGRAM 


J  SUFFIX 
CERAMIC 
CASE  620 


N  SUFFIX 
PLASTIC 
CASE  648 


D  SUFFIX 

SOIC 
CASE  751' 


ORDERING  INFORMATION 

MC74HCXXN  Plastic 
MC64HCXXJ  Ceramic 
MC74HCXXD  SOIC 

T/s,  =  -  55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 


PIN  ASSIGNMENT 


B3[ 

1  • 

16 

2 

15 

*=<y 

3 

14 

A  >  Bin  [ 

13 

A>B0U,[ 

5 

12 

*  =  Bout  I 

6 

11 

A<Bout[ 

7 

10 

COMPARISON 

OUTPUTS 

GND I 

8 

9 

]A2 
]A1 
]B1 
]A0 
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vCc 

DC  Supply  Voltage  (Referenced  to  GND) 

-0.5  to  +7.0 

V 

Vin 

DC  Input  Voltage  (Referenced  to  GND) 

-  1.5  to  Vcc+  1.5 

V 

V0ut 

DC  Output  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc +0.5 

V 

'in 

DC  Input  Current,  per  Pin 

±20 

mA 

'out 

DC  Output  Current,  per  Pin 

+  25 

mA 

'cc 

DC  Supply  Current,  Vcc  and  GND  pins 

±50 

mA 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

'  750 
500 

mW 

'stq 

Storage  Temperature 

-  fiB  tn  +  1 50 

°C 

TL 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°c 

♦Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
tDerating  -  Plastic  DIP:  - 10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


CirCUIiry    IU    yuou    ciyumoi  LtflliKlyC 

due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjn  and 
Vout  should  be  constrained  to  the 
range  GND<(Vin  or  V0Ut)<VCC. 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  Vcc)-  Unused 
outputs  must  be  left  open. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

vcc 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

if.  tf 

Input  Rise  and  Fall  Time                          Vcc  =  2.0V 
(Figure  1)  VCC=4.5V 

VCc  =  6.0  V 

0 
0 
0 

1000 
500 
400 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 


Symbol 

Parameter 

Tost  Conditions 

vCc 

V 

Guaranteed  Limit 

Unit 

25°C  to 
-SS°C 

<85"C 

<125"C 

V|H 

Minimum  High-Level  Input 
Voltage 

Vout=0.1  Vor  Vcc-0.1  V 
|loutls20^ 

2.0 
4.5 
6.0 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

V 

VlL 

Maximum  Low-Level  Input 
Voltage 

VOut  =  0-1  Vor  VCC -0.1  V 
|lout|s20„A 

2.0 
4.5 
6.0 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

V 

V0H 

Minimum  High-Level  Output 
Voltage 

Vin  =  V|H  or  V|L 

2.0 
4.5 
6.0 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

V 

Vin  =  V|HorV|L  |lout|<4.0mA 
|lout|s5.2  mA 

4.5 
6.0 

3.98 
5.48 

3.84 
5.34 

3.70 
5.20 

vol 

Maximum  Low-Level  Output 
Voltage 

Vin  =  V|H  or  V|L 
|lout|  <20  iiA 

2.0 
4.5 
6.0 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

V 

Vin  =  V|HorV|L  |lout|<4.0mA 
|lout|s5.2  mA 

4.5 
6.0 

0.26 
0.26 

0.33 
0.33 

0.40 
0.40 

'in 

Maximum  Input  Leakage  Current 

Vin  =  VCC  or  GND 

6.0 

±0.1 

±1.0 

±1-0 

pA 

'cc 

Maximum  Quiescent  Supply 
Current  (per  Package) 

Vin  =  VCC  or  GND 
lout  =  0/iA 

6.0 

8 

80 

160 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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AC  ELECTRICAL  CHARACTERISTICS  <CL  =  50  pF,  Input  tr  =  tf  =  6  ns) 


vcc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

2s°c  to 

-56°C 

<  85°  C 

£  125° C 

Unit 

'PLH. 
«PHL 

Maximum  Propagation  Delay,  Inputs  A  or  B  to  Outputs  A>B  or  A<B 
(Figures  1  and  2) 

2.0 
4.5 
6.0 

230 
46 
39 

290 
58 
49 

345 
69 
59 

ns 

'PLH. 
'PHL 

Maximum  Propagation  Delay,  Inputs  A  or  B  to  Output  A  =  B 
(Figures  1  and  2) 

2.0 
4.5 
6.0 

200 
40 
34 

250 
50 
43 

300 
60 
51 

ns 

'PLH. 
'PHL 

Maximum  Propagation  Delay,  Inputs  A  <  B  or  A  =  B  to  Output  A  >  B 
(Figures  1  and  2) 

2.0 
4.5 
6.0 

175 
35 
30 

220 
44 
37 

265 
53 
45 

ns 

'PLH. 
'PHL 

Maximum  Propagation  Delay,  Inputs  A  >  B  or  A  =  B  to  Output  A  <  B 
(Figures  1  and  2) 

2.0 
4  5 

6.0 

175 
35 
30 

220 
44 
37 

265 
53 
45 

ns 

«PLH. 
'PHL 

Maximum  Propagation  Delay,  Input  A  =  B  to  Output  A  =  B 
(Figures  1  and  2) 

2.0 
4.5 
6.0 

145 
29 
25 

180 
36 
31 

220 
44 
38 

ns 

'TLH. 
THL 

Maximum  Output  Transition  Time,  Any  Output 
(Figures  1  and  2) 

2.0 
4.5 
6.0 

75 
15 
13 

95 
19 
16 

110 
22 
19 

ns 

Cin 

Maximum  Input  Capacitance 

10 

10 

10 

pF 

NOTES: 

1.  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


CPD 

Power  Dissipation  Capacitance  (Per  Package) 

Typical  <g 

2S°C  VCC  =  5.0  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 
PD  =  CpD  Vcc^f  +  ice  Vcc 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

50 

FIGURE  1  -  SWITCHING  WAVEFORMS 

FIGURE2  — 

TEST  CIRCUIT 

Inputs 


Outputs 


Outputs 


10% 
'PLH 


FIGURE  1 


'PHL 


'PHL 


50% 


'PLH 


'THL- 


VCC 
GND 


*  Includes  all  probe  and  |ig  capacitance. 


— H      — 'TLH 
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PIN  DESCRIPTIONS 


INPUTS 

AO.  A1,  A2.  A3  (Pins  10,  12.  13.  15)  -  Data  Nibble  A 
Inputs.  The  data  nibble  present  at  these  inputs  is  compared 
to  Data  Nibble  B.  A3  is  the  most  significant  bit  and  AO  is  the 
least  significant  bit. 

BO,  B1.  B2,  B3  (Pins  9. 11. 14. 1)  -  Data  Nibble  B  Inputs. 
The  data  nibble  present  at  these  inputs  is  compared  to  Data 
Nibble  A.  B3  is  the  most  significant  bit  and  BO  is  the  least 
significant  bit. 

CONTROLS 

A>Bjn,  A  =  Bin,  A<Bjn  (Pins  4,  3,  2)  —  Cascading 
Inputs.  These  inputs  determine  the  states  of  the  outputs  only 
when  Data  Nibble  A  equals  Data  Nibble  B.  The  A  =  Bjn  input 
overrides  both  the  A  >  Bjn  and  A  <  Bjn  inputs. 

For  single  stage  operation  or  for  the  least  significant  stage 
in  cascaded  operation,  the  A<B;n  and  A>Bjn  inputs  should 
be  tied  to  ground  and  the  A  =  Bjn  input  tied  to  Vcc-  Between 
cascaded  comparators,  the  A  <  Bout,  A  =  Bout,  and  A  >  Bout 


outputs  should  be  tied  to  A<Bjn,  A  =  Bin,  and  A>Bjn, 
respectively,  of  the  succeeding  stage. 

OUTPUTS 

A  >  Bout  (Pin  51  —  A-Greater-Than-B  Output.  This  output 
is  at  a  high  voltage  level  when  Nibble  A  is  greater  than  Nibble 
B,  regardless  of  the  data  present  at  the  cascading  inputs.  This 
output  is  also  high  when  Nibble  A  equals  Nibble  B  and  the 
A  >  Bjn  input  is  high  ( A  <  Bjn  and  A  =  Bjn  are  at  a  low  voltage 
level). 

A  =  B0ut  (P'n  61  —  A-Equals-B  Output.  This  output  is  high 
when  Nibble  A  equals  Nibble  B  and  the  A  =  B;n  input  is  high. 
A  <  Bjn  and  A  >  B|n  nave  n0  effect  when  the  comparator  is  in 
this  condition  and  A  =  Bjn  is  at  a  high  voltage  level. 

A<  Bout  (Pin  7)  —  A-Less-Than-B  Output.  This  output  is 
at  a  high  voltage  level  when  Nibble  A  is  less  than  Nibble  B, 
regardless  of  data  present  at  the  cascading  inputs.  This  output 
is  also  high  when  Nibble  A  equals  Nibble  B  and  the  A<Bjn 
input  is  high  (A>Bjn  and  A  =  Bjn  are  at  a  low  voltage  level). 


FUNCTION  TABLE 


Data 

nputs 

Cascading  Inputs 

Output 

A3,  B3 

A2,  B2 

A1,  B1 

AO,  BO 

A>Bin 

A=Bin 

A<Bin 

A>Bout  A=Bout  A<Bout 

A3>B3 

X 

X 

X 

X 

X 

X 

H 

L 

L 

A3<B3 

X 

X 

X 

X 

X 

X 

L 

L 

H 

A3=B3 

A2>B2 

X 

X 

X 

X 

X 

H 

L 

L 

A3=B3 

A2<B2 

X 

X 

X 

X 

X 

L 

L 

H 

A3=B3 

A2=B2 

A1>B1 

X 

X 

X 

X 

H 

L 

L 

A3=B3 

A2=B2 

A1<B1 

X 

X 

X 

X 

L 

L 

H 

A3=B3 

A2=B2 

A1  =  B1 

A0>B0 

X 

X 

X 

H 

L 

L 

A3=B3 

A2=B2 

A1  =  B1 

A0<B0 

X 

X 

X 

L 

L 

H 

A3=B3 

A2=B2 

A1  =  B1 

A0=B0 

L 

L 

L 

H 

L 

H 

A3=B3 

A2=B2 

A1  =  B1 

AO  =80 

L 

L 

H 

L 

L 

H 

A3=B3 

A2=B2 

A1  =  B1 

A0=80 

H 

L 

L 

H 

L 

L 

A3=B3 

A2=B2 

A1  =  B1 

A0=B0 

H 

L 

H 

L 

L 

L 

A3=B3 

A2=B2 

A1  =  B1 

A0=B0 

X 

H 

X 

L 

H 

L 

X=  Don't  Care 
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Least- 
Significant 
4-Bit 
Nibbles 


GND— 
VCC- 
GND— 

'  AO  — 
A1  — 
A2  — 
A3  — 
BO  — 
B1  — 
B2  — 
B3  — 

A4— 
A5— 
A6— 
A7— 
B4  — 
B5  — 
B6  — 
B7— 


A8- 

A9- 

A10- 

Most- 

All 

Significant 

4-Bit 

B8- 

Nibbles 

B9- 

B10- 

B11- 

TYPICAL  APPLICATION 

CASCADING  COMPARATORS 


A>Bjr 
A=B,r 
A<Bir 


HC85 


A>B0U, 
A=  Bout 
A<Bout 


A>Bjr 
A=Bir 
A<Bir 


HC85 


A>B0U, 
A=Bou, 
A<Bout 


A>Bir 
A=Bir 
A<Bir 


HC85 


A<B„ 


'  Outputs 
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Quad  2-lnput  Exclusive  OR  Gate 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC86  is  identical  in  pinout  to  the  LS86;  this  device  is  similar  in  func- 
tion to  the  MM74C86  and  L86,  but  has  a  different  pinout.  The  device  inputs  are 
compatible  with  standard  CMOS  outputs;  with  pullup  resistors,  they  are  compatible 
with  LSTTL  outputs. 

•  Output  Drive  Capability:  10  LSTTL  Loads 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1  fiA 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  56  FETs  or  14  Equivalent  Gates 


LOGIC  DIAGRAM 


MC54/74HC86 


A2- 
B2- 


1 


A3- 
B3- 


Y  -  A  e  8  _ 
=  AB  +  AB 


13 

PIN  14  =  Vcc 
PIN  7  =  GND 


J  SUFFIX 

14                     [j   V  V 

CERAMIC 
CASE  632 

1 

14        If        1    11  ^ 

1 

N  SUFFIX 
PLASTIC 
CASE  646 

i 

D  SUFFIX 

SOIC 
CASE  7S1A 

ORDERING  INFORMATION 

MC74HCXXN 
MC54HCXXJ 
MC74HCXXD 

Plastic 

Ceramic 

SOIC 

Ta  =  -55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 

PIN  ASSIGNMENT 


FUNCTION  TABLE 


Inputs 

Output 
Y 

A 

B 

L 

L 

L 

L 

H 

H 

H 

L 

H 

H 

H 

L 

MOTOROLA  HIGH-SPEED  CMOS  LOGIC  DATA 

5-97 


MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

-0.5  to  +7.0 

V 

Vin 

DC  Input  Voltage  (Referenced  to  GND) 

-  1.5  to  Vcc  +  1-5 

V 

Vout 

DC  Output  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc +  0.5 

V 

'in 

DC  Input  Current,  per  Pin 

±20 

mA 

'out 

DC  Output  Current,  per  Pin 

-25 

mA 

ice 

DC  Supply  Current,  Vcc  and  GND  pins 

±50 

mA 

PD 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPT 
SOIC  Packaget 

750 
500 

mW 

Tstq 

Storage  Temperature 

-65  to  +150 

"C 

TL 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP] 

260 
300 

°c 

*Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
tDerating  -  Plastic  DIP:  -10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjn  and 
vout  should  be  constrained  to  the 
range  GND<(Vin  or  V0Ut)<VCC- 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  Vcc).  Unused 
outputs  must  be  left  open. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

vcc 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

■  125 

°c 

tr,  tf 

Input  Rise  and  Fall  Time                        Vcc  =  2.0  V 
(Figure  1)                                              Vcc  =  4.5  V 

VCC  =  6.0  V 

0 
0 
0 

1000 
500 
400 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 


Symbol 

Parameter 

Test  Conditions 

vcc 

V 

Guaranteed  Limit 

Unit 

25°C  to 
-55°C 

<86°C 

s125°C 

V|H 

Minimum  High-Level  Input 
Voltage 

Vout  =  0.1  Vor  Vcc-0.1  V 
|lout|s20MA 

2.0 
4.5 
6.0 

1.5 

3.15 
4.2 

1.5 

3.15 
4.2 

1.5 
3.15 
4.2 

V 

VlL 

Maximum  Low-Level  Input 
Voltage 

Vout  =  0.1  Vor  Vcc-0.1  V 
|loutls20  „A 

2.0 
4.5 
6.0 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

V 

V0H 

Minimum  High-Level  Output 
Voltage 

Vin  =  V|H°'V,L 
|lout|s20PA 

2.0 
4.5 
6.0 

1.9 
4.4 

5.9 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

V 

Vin  =  V|HorV|L  |lout|<4.0mA 
|lout|s5.2  mA 

4.5 
6.0 

3.98 
5.48 

3.84 
5.34 

3.70 
5.20 

vol 

Maximum  Low-Level  Output 
Voltage 

Vin  =  V|H  or  V|L 

2.0 
4.5 
6.0 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

V 

Vin  =  V|HorV|L  |lout|<4.0mA 
|lou,|s5.2mA 

4.5 
6.0 

0.26 
0.26 

0.33 
0.33 

0.40 
0.40 

Maximum  Input  Leakage  Current 

Vin  =  VCC  or  GND 

6.0 

±0.1 

+  1.0 

±1.0 

(•A 

ice 

Maximum  Quiescent  Supply 
Current  (per  Package) 

vin  =  Vcc  or  GND 
lout=0»* 

6.0 

2 

20 

40 

*A 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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AC  ELECTRICAL  CHARACTERISTICS  (CL  =  60  PF,  Input  tr  =  tf  =  6  nsl 


vcc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

25°C  to 

<85°C 

s125°C 

Unit 

-55°C 

tPLH< 

Maximum  Propagation  Delay,  Input  A  or  B  to  Output  Y 

2.0 

120 

150 

180 

ns 

tpHL 

(Figures  1  and  2) 

4.5 

24 

30 

36 

6.0 

20 

26 

31 

^TLH- 

Maximum  Output  Transition  Time,  Any  Output 

2.0 

75 

95 

110 

ns 

^THL 

(Figures  1  and  2) 

4.5 

15 

19 

22 

6.0 

13 

16 

19 

'-•in 

Maximum  Input  Capacitance 

10 

10 

10 

PF 

NOTES: 


1.  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


CPD 

Power  Dissipation  Capacitance  (Per  Gate) 

Typical  @  25°C,  VCC  =  5.0  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 

pD  =  CP0  vCC2f  +  'CC  VCC 

33 

pF 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

Figure  1.  Switching  Waveforms  Figure  2.  Test  Circuit 


EXPANDED  LOGIC  DIAGRAM 

1%  of  Device) 


-t>rH> — Rh 
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Dual  J-K  Flip-Flop  with  Reset 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC107  is  identical  in  pinout  to  the  LS107.  The  device  inputs  are 
compatible  with  standard  CMOS  outputs;  with  pullup  resistors,  they  are  compatible 
with  LSTTL  outputs. 

Each  flip-flop  is  negative-edge  clocked  and  has  an  active-low  asynchronous  reset. 

The  HC107  is  identical  in  function  to  the  HC73,  but  has  a  different  pinout. 

•  Output  Drive  Capability:  10  LSTTL  Loads 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1  fiA 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  92  FETs  or  23  Equivalent  Gates 


LOGIC  DIAGRAM 


Clock  1  - 


3 

2 



-Ql 


-01 


Reset  1  - 


Clock  2- 


K2- 


8 
9 

■  5  Q2 

11 

 §  02 

Reset  2  - 


10 


Pin  14  =Vqc 
Pin  7  =  GND 


MC54/74HC107 


14         If  1 !  ||  V  " 

1 

J  SUFFIX 
CERAMIC 
CASE  632 

14    |     1  11  u 

N  SUFFIX 
PLASTIC 
CASE  646 

1 

D  SUFFIX 

SOIC 
CASE  751 A 

ORDERING  INFORMATION 

MC74HCXXXN 
MC54HCXXXJ 
MC74HCXXXD 

Plastic 

Ceramic 

SOIC 

Ty\=  -55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 

PIN  ASSIGNMENT 


Jl  I  !• 

5T[  2 

01  I  3 
Kl  I 
Q2  [ 

02  I 
GND  I 


14  I  VCC 
13  I  Reset  1 
12  ]  Clock  1 
11  1  K2 
10  I  Reset  2 

9  I  Clock  2 

8  I  J2 


FUNCTION  TABLE 


Inputs 

Outputs 

Reset 

Clock 

J 

K 

Q  Q 

L 

X 

X 

X 

L  H 

H 

"V 

L 

L 

No  Change 

H 

~\_ 

L 

H 

L  H 

H 

"V 

H 

L 

H  L 

H 

"V 

H 

H 

Toggle 

H 

L 

X 

X 

No  Change 

H 

H 

X 

X 

No  Change 

H 

J~ 

X 

X 

No  Change 
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MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

-0.5  to  L7.0 

V 

Vin 

DC  Input  Voltage  (Referenced  to  GND) 

-1.5  to  Vcc  +  1-6 

V 

Vout 

DC  Output  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc +0.5 

V 

lin 

DC  Input  Current,  per  Pin 

±20 

mA 

'out 

DC  Output  Current,  per  Pin 

±25 

mA 

'CC 

DC  Supply  Current,  Vcc  and  GND  Pins 

±60 

mA 

PD 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tstg 

Storage  Temperature 

-65  to  +150 

°C 

TL 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°C 

*Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
TDerating  -  Plastic  DIP:  -10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjn  and 
Vout  should  be  constrained  to  the 
range  GND  <(V(n  or  V0Ut)<VCC- 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  VqO-  Unused 
outputs  must  be  left  open. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vCc 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin-Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

VCC 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

tr,  tf 

Input  Rise  and  Fall  Time                          Vcc  =  2.0  V 
(Figure  1)                                          VCC  =  4.5V 

VCC  =  6.0  V 

0 
0 
0 

1000 
500 
400 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 


vCc 

V 

Qui 

iranteed  Limit 

Symbol 

Parameter 

Test  Conditions 

25°  C  to 
-55°C 

s85°C 

<125°C 

Unit 

V|H 

Minimum  High-Level  Input 
Voltage 

Vout  =  0.1  Vor  Vcc-0.1  V 
|lout|s20^A 

2.0 
4.5 
6.0 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

V 

V|L 

Maximum  Low-Level  input 
Voltage 

Vout  =  0.1  Vor  Vcc-0.1  V 
|IOU,|S20/1A 

2.0 

0.3 

0.3 

0.3 

V 

4.5 

6.0 

0.9 
1.2 

0.9 
1.2 

0.9 
1.2 

V0H 

Minimum  High-Level  Output 
Voltage 

Vin  =  V|H  0'  V|L 
|loutl  S20  „A 

2.0 
4.5 
6.0 

1.9 
4.4 

5.9 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

V 

Vin  =  V|H  or  V|L  |lout|<4.0mA 
|lout|<5.2  mA 

4.5 

6.0 

3.98 
5.48 

3.84 
5.34 

3.70 
5.20 

vol 

Maximum  Low-Level  Output 
Voltage 

vin  =  v|H  °'  V|L 
|lout|<20  p.A 

2.0 
4.5 
6.0 

0.1 
0.1 
0.1 

0.1 

0.1 
0.1 

0.1 

0.1 
0.1 

V 

V|n  =  V|HorV|L  |lout|<4.0mA 
|lout|<5.2mA 

4.5 

6.0 

0.26 
0.26 

0.33 
0.33 

0.40 
0.40 

lin 

Maximum  Input  Leakage  Current 

Vin  =  VCC  or  GND 

6.0 

±0.1 

±1.0 

±10 

/■A 

ice 

Maximum  Quiescent  Supply 
Current  (per  Package) 

Vin  =  VCC  or  GND 
lout  =  0  tiA 

6.0 

4 

40 

80 

„A 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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AC  ELECTRICAL  CHARACTERISTICS  (CL  =  50  pF,  Input  tr  =  t(  =  6  ns) 


vCc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

25°C  to 
-55°C 

<85°C 

■  125°  C 

Unit 

fmax 

Maximum  Clock  Frequency  (50%  Duty  Cycle) 

2.0 

6.0 

4.8 

4.0 

MHz 

(Figures  1  and  4) 

4.5 

30 

24 

20 

6.0 

35 

28 

24 

tpLH- 

Maximum  Propagation  Delay,  Clock  to  Q  or  Q 

2.0 

125 

155 

190 

ns 

tPHL 

(Figures  1  and  4) 

4  5 

25 

31 

38 

6.0 

21 

26 

32 

lPLH. 

Maximum  Propagation  Delay,  Reset  to  Q  or  Q 

2.0 

155 

195 

235 

ns 

lPHL 

(Figures  2  and  4) 

4.5 

31 

39 

47 

6.0 

26 

33 

40 

tTLH- 

Maximum  Output  Transition  Time,  Any  Output 

2.0 

75 

95 

110 

ns 

tTHL 

(Figures  1  and  4) 

4.5 

15 

19 

22 

6.0 

13 

16 

19 

Maximum  Input  Capacitance 

10 

10 

10 

pF 

NOTES: 

1 .  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


CPD 

Power  Dissipation  Capacitance  {Per  Ftip-Flop) 

Typical  @  25°C.  VCC  =  5.0V 

Used  to  determine  the  no-load  dynamic  power  consumption: 
pD  =  CpD  Vcc2f+ICC  Vcc 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

35 

pF 

TIMING  REQUIREMENTS  llnput  tr  =  tf  =  6  ns) 


vCc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

25°C  to 
-55°C 

<85°C 

s12S°C 

Unit 

tsu 

Minimum  Setup  Time,  J  or  K  to  Clock 

2.0 

100 

125 

150 

ns 

(Figure  3) 

4.5 

20 

25 

30 

6.0 

17 

21 

26 

th 

Minimum  Hold  Time,  Clock  to  J  or  K 

2.0 

3 

3 

3 

ns 

(Figure  3) 

4.5 

3 

3 

3 

6.0 

3 

3 

3 

Vec 

Minimum  Recovery  Time,  Reset  Inactive  to  Clock 

2.0 

100 

125 

150 

ns 

(Figure  2) 

4.5 

20 

25 

30 

6.0 

17 

21 

26 

'w 

Minimum  Pulse  Width,  Clock 

2.0 

80 

100 

120 

ns 

(Figure  1) 

4.5 

16 

20 

24 

6.0 

14 

17 

20 

'w 

Minimum  Pulse  Width,  Reset 

2.0 

80 

100 

120 

ns 

(Figure  2) 

4.5 

16 

20 

24 

6.0 

14 

17 

20 

«r.  tf 

Maximum  Input  Rise  and  Fall  Times 

2.0 

1000 

1000 

1000 

ns 

(Figure  1) 

4.5 

500 

500 

500 

6.0 

400 

400 

400 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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SWITCHING  WAVEFORMS 


FIGURE  1 


Clock 


 4  90%  *  

V  50%  / 


■*  1/fmax  

"tPLH  tpHL" 


90%  i  i. 

QorQ         50%  V  A 

_jo%jT   

-*l    U-'TLH  tTHL^I  f*^ 


—  VCC 
GND 


-^'TLH  tTHL 


FIGURE2 


^50%  ^ 


tPHL 
50% 


-tPLH 


50% 


vcc 

GND 


Clock 


50%^^ 


—  VCc 
  GND 


FIGURE  3 


JorK 


)(BQ%  ~)( 


Clock 


vCc 

GND 

  VCC 

  GND 


FIGURE  4  -  TEST  CIRCUIT 

Test  Point 


Device 
Under 
Test 


Output 


*  Includes  all  probe  and  jig  capacitance. 


EXPANDED  LOGIC  DIAGRAM 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL  DATA 


Dual  J-K  Flip-Flop  with  Set 
and  Reset 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC109  is  identical  in  pinout  to  the  LS109.  The  device  inputs  are 
compatible  with  standard  CMOS  outputs;  with  pullup  reeistors,  they  are  compatible 
with  LSTTL  outputs. 

This  device  consists  of  two  J-K  flip-flops  with  individual  set,  reset,  and  clock  in- 
puts. Changes  at  the  inputs  are  reflected  at  the  outputs  with  the  next  low-to-high 
transition  of  the  clock.  Both  Q  and  Q  outputs  are  available  from  each  flip-flop. 

•  Output  Drive  Capability:  10  LSTTL  Loads 

•  Outputs  Directly  Interface  to  CMOS.  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  148  FETs  or  37  Equivalent  Gates 


MC54/74HC109 


J  SUFFIX 

CERAMIC 
CASE  620 

|            N  SUFFIX 
PLASTIC 
CASE  648 

1 

D  SUFFIX 

SOIC 
CASE  751 

ORDERING  INFORMATION 

MC74HCXXXN  Plastic 
MC54HCXXXJ  Ceramic 
MC74HCXXXD  SOIC 

Ta=  -  55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 

LOGIC  DIAGRAM 


Set  1 

<T  ■ 

Clock  1  ■ 
J1  ■ 

Reset  1  ■ 

Set  2  ■ 

K2  • 
Clock  2 

J2 

Reset  2 


Pin  16=  Vqc 
Pin8  =  GND 


3 

> 

6 

4 

7 

2 

Ql 


■  Q1 


13 

> 

10 

12 

9 

14 

-Q2 


-Q2 


PIN  ASSIGNMENT 


Reset  II 
Jt! 
iTi 

Clock  1 
Set  1 
Ql 
Ql 
GND[ 


i  • 

2 


[  : 
I  -: 

5 
6 
7 
8 


1VCC 
]Reset  2 
1J2 
]K2 

ICIock  2 
]Set  2 
]Q2 


16 
15 
14 
13 
12 
11 
10 
9pQ2 


FUNCTION  TABLE 


Inputs 

Outputs 

Set 

Reset 

Clock 

J 

K 

Q  Q 

L 

H 

X 

X 

X 

H  L 

H 

L 

X 

X 

X 

L  H 

L 

L 

X 

X 

X 

H*  H* 

H 

H 

-T 

L 

L 

L  H 

H 

H 

jt 

H 

L 

Toggle 

H 

H 

L 

H 

No  Change 

H 

H 

J~ 

H 

H 

H  L 

H 

H 

L 

X 

X 

No  Change 

*Both  outputs  will  remain  high  as  long  as  Set  and 
Reset  are  low,  but  the  output  states  are  unpre- 
dictable if  Set  and  Reset  go  high  simultaneously 
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MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

-0.5  to  +7.0 

V 

Vin 

DC  Input  Voltage  (Referenced  to  GND) 

-  1 .5  to  Vcc  +  1  -5 

V 

Vout 

DC  Output  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc +  0.5 

V 

■in 

DC  Input  Current,  per  Pin 

±20 

mA 

i 

'out 

DC  Output  Current,  per  Pin 

+  ^rj 

'CC 

DC  Supply  Current,  Vcc  and  GND  Pins 

±50 

mA 

PD 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  PackageT 

750 
500 

mW 

Tstg 

Storage  Temperature 

-65  to  +150 

°C 

Tl 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°c 

*  Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
tDerating  -  Plastic  DIP:  -  10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjn  and 
Vout  snou'^  De  constrained  to  the 
range  GND<(Vin  or  Vout)<VCC. 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  V^C*-  Unused 
outputs  must  be  left  open. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

vcc 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

«f".  tf 

Input  Rise  and  Fall  Time                          Vcc  =  2.0  V 
(Figure  1)                                          VCc  =  4.5V 

VCC  =6.0  V 

0 
0 
0 

1000 
500 
400 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 


vcc 

V 

Guaranteed  L 

mit 

Symbol 

Parameter 

Test  Conditions 

25°C  to 
-55°C 

S85°C 

s125°C 

Unit 

V|H 

Minimum  High-Level  Input 
Voltage 

Vout  =  0.1  Vor  VCC 
|lout|<20(1A 

-0.1  V 

2.0 
4.5 
6.0 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

V 

V|L 

Maximum  Low-Level  Input 
Voltage 

Vout  =  0.1  Vor  VCC 
|loul|<20FA 

-0.1  V 

2.0 
4.5 
6.0 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

V 

V0H 

Minimum  High-Level  Output 
Voltage 

Vin  =  V|H  or  V|L 
|lOutls20^A 

2.0 
4.5 
6.0 

1.9 

4.4 
5.9 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

V 

Vin  =  V|H  or  V|L 

|lout|<4.0  mA 
|loutjs5.2  mA 

4.5 
6.0 

3.98 
5.48 

3.84 
5.34 

3.70 
5.20 

vol 

Maximum  Low-Level  Output 
Voltage 

vin  =  V|H  °r  V|L 
|lout|s20,,A 

2.0 
4.5 
6.0 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

V 

Vin  =  V|H  or  V|L 

|lout|s4.0  mA 
|lout|<5.2  mA 

4.5 
6.0 

0.26 
0.26 

0.33 
0.33 

0.40 
0.40 

hn 

Maximum  Input  Leakage  Current 

Vin  =  VCC  or  GND 

6.0 

±0.1 

+  10 

+  1.0 

/•A 

tee 

Maximum  Quiescent  Supply 
Current  (per  Package) 

Vin  =  VCC  or  GND 
lout  =  0  (iA 

6.0 

4 

40 

80 

(■A 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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AC  ELECTRICAL  CHARACTERISTICS  (CL  =  50pF,  Input  tr  =  tt  =  6ns) 


vcc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

25°C  to 

<  85  °  C 

<125°C 

Unit 

-55°C 

fmax 

Maximum  Clock  Frequency  (50%  Duty  Cycle! 

2.0 

6.0 

4.8 

4.0 

MHz 

(Figures  1  and  4) 

30 

24 

20 

6  0 

35 

28 

24 

'PLH. 

Maximum  Propagation  Delay,  Clock  to  Q  or  Q 

2.0 

175 

220 

265 

ns 

*PHL 

(Figures  1  and  4) 

4.5 

35 

44 

53 

6.0 

30 

37 

45 

»PLH. 

Maximum  Propagation  Delay,  Set  or  Reset  to  Q  or  Q 

2.0 

230 

290 

345 

ns 

'PHL 

(Figures  2  and  4) 

4.5 

46 

58 

69 

6.0 

39 

49 

59 

'TLH. 

Maximum  Output  Transition  Time,  Any  Output 

2.0 

75 

95 

110 

ns 

Thl 

(Figures  1  and  4) 

4.5 

15 

19 

22 

6.0 

13 

16 

19 

Cin 

Maximum  Input  Capacitance 

10 

10 

10 

pF 

NOTES: 

1.  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


CPD 

Power  Dissipation  Capacitance  (Per  Flip-Flop) 

Typical  @  25-C,  VCC  =  5.0V 

Used  to  determine  the  no-load  dynamic  power  consumption: 

pD  =  CPD  VCc2f  +  ICC  VCC 

40 

pF 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

TIMING  REQUIREMENTS  (Input  tr  =  tf  =  6  nsl 


vcc 

Guaranteed  Limit 

Symbol 

Parameter 

25-C  to 

<85°C 

<12S"C 

Unit 

V 

-55"C 

■w 

Minimum  Setup  Time,  J  or  K  to  Clock 

2.0 

100 

125 

150 

ns 

(Figure  3) 

4.5 

20 

25 

30 

6.0 

17 

21 

26 

th 

Minimum  Hold  Time,  Clock  to  J  or  K 

2.0 

5 

5 

5 

ns 

(Figure  3) 

4.5 

5 

5 

5 

6.0 

5 

5 

5 

*rec 

Minimum  Recovery  Time,  Set  or  Reset  Inactive  to  Clock 

2.0 

5 

5 

5 

ns 

(Figure  2) 

4.5 

5 

5 

5 

6.0 

5 

5 

5 

tw 

Minimum  Pulse  Width,  Set  or  Reset 

2.0 

80 

100 

120 

ns 

(Figure  2) 

4.5 

16 

20 

24 

6.0 

14 

17 

20 

tw 

Minimum  Pulse  Width,  Clock 

2.0 

80 

100 

120 

ns 

(Figure  1) 

4.5 

16 

20 

24 

6.0 

14 

17 

20 

«r.  tf 

Maximum  Input  Rise  and  Fall  Times 

2.0 

1000 

1000 

1000 

ns 

(Figure  1) 

4.5 

500 

500 

500 

6.0 

400 

400 

400 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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SWITCHING  WAVEFORMS 


Clock 


FIGURE  1 

tf 
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FIGURE  4  -  TEST  CIRCUIT 

Test  Point 


"Includes  all  probe  and  jig  capacitance. 


EXPANDED  LOGIC  DIAGRAM 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL  DATA 


Dual  J-K  Flip-Flop  with  Set 
and  Reset 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC112  is  identical  in  pinout  to  the  LS1 12.  The  device  inputs  are 
compatible  with  standard  CMOS  outputs;  with  pullup  resistors,  they  are  compatible 
with  LSTTL  outputs. 

Each  flip-flop  is  negative-edge  clocked  and  has  active-low  asynchronous  Set  and 
Reset  inputs. 

The  HC112  is  identical  in  function  to  the  HC76,  but  has  a  different  pinout. 

•  Output  Drive  Capability:  10  LSTTL  Loads 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1  /iA 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Similar  in  Function  to  the  LS112  Except  When  Set  and  Reset  are  Low 

Simultaneously 

•  Chip  Complexity:  100  FETs  or  25  Equivalent  Gates 


LOGIC  DIAGRAM 


Set1 


Clock  2  ■ 


12 

9 

_13  

11 

7 

■  Q2 


Q2 


Reset  2  ■ 


Pin  16=Vcc 
Pin  8  ==  GND 


MC54/74HC112 


J  SUFFIX 
CERAMIC 
CASE  620 

1           N  SUFFIX 
PLASTIC 
CASE  648 

'  r 

D  SUFFIX 

SOIC 
CASE  751 

ORDERING  INFORMATION 

MC74HCXXXN  Plastic 
MC54HCXXXJ  Ceramic 
MC74HCXXXD  SOIC 

TA  =  -  55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 

PIN  ASSIGNMENT 


Clock  1 
K1 
J1 
Set  1 
Q1 
Oil 
02  I 
GND  | 


d2 

[  3 
14 
I  5 


16  I 
15  1 
14  ] 

'.2 
11 
10 


VCC 
Reset  1 

Reset  2 
Clock  2 

K2 
]  J2 
]  Set  2 
9  |  Q2 


FUNCTION  TABLE 


Inputs 

Outputs 

Set 

Reset 

Clock 

J 

K 

Q  Q 

L 

H 

X 

X 

X 

H  L 

H 

L 

X 

X 

X 

L  H 

L 

L 

X 

X 

X 

L*  L* 

H 

H 

"V 

L 

L 

No  Change 

H 

H 

"\_ 

L 

H 

L  H 

H 

H 

A_ 

H 

L 

H  L 

H 

H 

H 

H 

Toggle 

H 

H 

L 

X 

X 

No  Change 

H 

H 

H 

X 

X 

No  Change 

H 

H 

J~ 

X 

X 

No  Change 

*  Both  outputs  will  remain  low  as  long  as  Set  and 
Reset  are  low,  but  the  output  states  are  unpre- 
dictable if  Set  and  Reset  go  high  simultaneously. 
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MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

VCc 

DC  Supply  Voltage  (Referenced  to  GND) 

-0.5  to  +7.0 

V 

Vin 

DC  Input  Voltage  (Referenced  to  GND) 

-1.5  to  Vcc +  15 

V 

V0ut 

DC  Output  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc +  0.5 

V 

"In 

DC  Input  Current,  per  Pin 

±20 

mA 

'out 

DC  Output  Current,  per  Pin 

±25 

mA 

ice 

DC  Supply  Current,  Vcc  and  GND  pins 

±50 

mA 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

TStq 

Storage  Temperature 

-65  to  + 150 

°C 

tl 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°C 

*Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions, 
tDerating  -  Plastic  DIP:  -  10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -  10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjn  and 
Vout  should  be  constrained  to  the 
range  GND  <  (Vin  or  Vout)  <  VCC. 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  Vcc).  Unused 
outputs  must  be  left  open. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

VCC 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

vin.vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

vcc 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°C 

<r.  tf 

Input  Rise  and  Fall  Time                          Vcc  =  2.0V 
(Figure  1}                                          Vcc  =  4.5  V 

Vcc -6.0  V 

0 
0 
0 

1000 
500 
400 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 


Symbol 

Parameter 

Test  Conditions 

vcc 

V 

Guaranteed  Limit 

Unit 

25°C  to 
-55°C 

<85°C 

V|H 

Minimum  High-Level  Input 
Voltage 

Vout  =  0.1  Vor  Vcc-0.1  V 
|lout|s20pA 

2.0 
4.5 
6.0 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

V 

V|L 

Maximum  Low-Level  Input 
Voltage 

Vout  =  0.1  Vor  Vcc-0.1  V 
|loutl=s20MA 

2.0 
4.5 
6.0 

0.3 
0.9 
1.2 

0.3 
0:9 
1.2 

0.3 
0.9 
1.2 

V 

VOH 

Minimum  High-Level  Output 
Voltage 

Vin  =  V|H  or  V|L 
|lout|s20PA 

2.0 
4.5 
6.0 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

V 

Vin  =  V|HorV|L  |lout|<4.0mA 
lout|<5.2  mA 

4.5 
6.0 

3.98 
5.48 

3.84 
5.34 

3.70 
5.20 

vol 

Maximum  Low-Level  Output 
Voltage 

Vin  =  V|H  or  V|L 
|lout|<20».A 

2.0 
4.5 
6.0 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

V 

V|n  =  V|H  or  V|L  |lout|<4.0mA 
lout|<5.2  mA 

4.5 
6.0 

0.26 
0.26 

0.33 
0.33 

0.40 
0.40 

1(8 

Maximum  Input  Leakage  Current 

Vin  =  VCC  or  GND 

6.0 

±0.1 

±1.0 

±1.0 

/-A 

!CC 

Maximum  Quiescent  Supply 
Current  (per  Package) 

V|n  =  Vcc  or  GND 
lout  =  0MA 

6.0 

4 

40 

80 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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AC  ELECTRICAL  CHARACTERISTICS  (CL  =  50  pF,  Input  t,  =  tf  =  6  ns) 


VCC 
V 

Guaranteed  Limit 

Symbol 

Parameter 

25°C  to 

-  85  °C 

<  125°C 

Unit 

-55°C 

fmax 

Maximum  Clock  Frequency  (50%  Duty  Cycle) 

2.0 

6.0 

4.8 

4.0 

MHz 

(Figures  1  and  4) 

4.5 

30 

24 

20 

6.0 

35 

28 

24 

'PLH. 

Maximum  Propagation  Delay,  Clock  to  Q  or  Q 

2.0 

125 

155 

190 

ns 

'PHL 

(Figures  1  and  4) 

4.5 

25 

31 

38 

6.0 

21 

26 

32 

'PLH. 

Maximum  Propagation  Delay,  Reset  to  Q  or  Q 

2.0 

155 

195 

235 

ns 

•PHL 

(Figures  2  and  41 

4.5 

31 

39 

47 

6.0 

26 

33 

40 

'PLH. 

Maximum  Propagation  Delay,  Set  to  Q  or  Q 

2.0 

165 

205 

250 

ns 

'PHL 

(Figures  2  and  4) 

4.5 

33 

41 

50 

6.0 

28 

35 

43 

<TLH. 

Maximum  Output  Transition  Time,  Any  Output 

2.0 

75 

95 

110 

ns 

'THL 

(Figures  1  and  4) 

4.5 

15 

19 

22 

6.0 

13 

16 

19 

Cin 

Maximum  Input  Capacitance 

10 

10 

10 

PF 

NOTES: 

1.  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


Cpo 

Power  Dissipation  Capacitance  (Per  Flip-Flop) 

Typical  @  25°C,  VCC  =5  0  v 

Used  to  determine  the  no-load  dynamic  power  consumption: 

PO  =  Cpo  Vcc2f+lcc  VCC 

35 

pF 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

TIMING  REQUIREMENTS  (Input  t,  =  tf  =  6  ns) 


vCc 

Guaranteed  Limit 

Symbol 

Parameter 

25°C  to 

Unit 

V 

-55°C 

s85"C 

£125*0 

'su 

Minimum  Setup  Time,  J  or  K  to  Clock 

2.0 

100 

125 

150 

ns 

(Figure  3) 

4.5 

20 

25 

30 

6.0 

17 

21 

26 

'h 

Minimum  Hold  Time,  Clock  to  J  or  K 

2.0 

3 

3 

3 

ns 

(Figure  3) 

4.5 

3 

3 

3 

6.0 

3 

3 

3 

'rec 

Minimum  Recovery  Time,  Set  or  Reset  Inactive  to  Clock 

2.0 

100 

125 

150 

ns 

(Figure  2) 

4.5 

20 

25 

30 

6.0 

17 

21 

26 

«w 

Minimum  Pulse  Width,  Clock 

2.0 

80 

100 

120 

ns 

(Figure  1) 

4.5 

16 

20 

24 

6.0 

14 

17 

20 

'w 

Minimum  Pulse  Width,  Set  or  Reset 

2.0 

80 

100 

120 

ns 

(Figure  2) 

4.5 

16 

20 

24 

6.0 

14 

17 

20 

«r.  <f 

Maximum  Input  Rise  and  Fall  Times 

2.0 

1000 

1000 

1000 

ns 

(Figure  1) 

4.5 

500 

500 

500 

6.0 

400 

400 

400 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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SWITCHING  WAVEFORMS 


FIGURE  1 


-*t|   [<-tf      ->\  M-tr 

V  50%  /  X 


-1/frr 


Q  orQ 


 =L 

«-<TLH  tTHL^I  t- 


-<PLH  tpHL" 


VCC 
GND 


FIGURE2 


Set  or 
Reset 


Q  or  Q 


Q  or  Q 


Clock 


tPHL 


-tpLH 


■50% 


vcc 

GND 


~50%^ 


vcc 

GND 


FIGURE3 


FIGURE  4  -  TEST  CIRCUIT 


JorK 


k«  Valid  M 

 w  w  

 fc  A  

U-tsu    »|«  tn— »•! 


Clock 


^^5C 


Vcc 


GND 


—  vcc 


GND 


Test  Point 


^Includes  all  probe  and  jig  capacitance. 


EXPANDED  LOGIC  DIAGRAM 


15,  14 


-D*-t-t>— » 


Set 


CL 
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Dual  J-K  Flip-Flop  with  Set 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC113  is  identical  in  pinout  to  the  LS1 13.  The  device  inputs  are 
compatible  with  standard  CMOS  outputs;  with  pullup  resistors,  they  are  compatible 
with  LSTTL  outputs. 

Each  flip-flop  is  negative-edge  clocked  and  has  an  active-low  asynchronous  set 
input. 

•  Output  Drive  Capability:  10  LSTTL  Loads 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1  fiA 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  92  FETs  or  23  Equivalent  Gates 


LOGIC  DIAGRAM 


Clock  2 


Set  2 


Pin  14  =  Vcc 
Pin  7=  GND 


MC54/74HC113 


J  SUFFIX 
CERAMIC 
CASE  632 


N  SUFFIX 
PLASTIC 
CASE  646 


D  SUFFIX 

SOIC 
CASE  751A 


ORDERING  INFORMATION 

MC74HCXXXN  Plastic 
MC54HCXXXJ  Ceramic 
MC74HCXXXD  SOIC 

T&  =  -55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 


PIN  ASSIGNMENT 


Clock  1  [ 
K1  [ 
J1  [ 

Set  1 1 
Q1I 
GT[ 

GND  I 


i  vcc 

]  Clock  2 

]  K2 

1  J2 

1  Set  2 
9  ]  Q2 
8  1  05 


FUNCTION  TABLE 


Inputs 

Outputs 

Set 

Clock 

J 

K 

Q  Q 

L 

X 

X 

X 

H  L 

H 

■*c 

L 

L 

No  Change 

H 

*v 

L 

H 

L  H 

H 

H 

L 

H  L 

H 

"\i 

H 

H 

Toggle 

H 

H 

X 

X 

No  Change 

H 

L 

X 

X 

No  Change 

H 

-T 

X 

X 

No  Change 
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MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

VCC 

DC  Supply  Voltage  (Referenced  to  GND) 

-  0.5  to  +7.0 

V 

Vin 

DC  Input  Voltage  (Referenced  to  GND) 

-  1.5  to  Vcc  +  1-5 

V 

Vout 

DC  Output  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc +  0.5 

V 

■in 

DC  Input  Current,  per  Pin 

+  20 

mA 

'out 

DC  Output  Current,  per  Pin 

+  25 

mA 

'CC 

DC  Supply  Current,  Vcc  and  GND  Pins 

±50 

mA 

PD 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tstq 

Storage  Temperature 

-65  to  +150 

°C 

TL 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Packagel 
(Ceramic  DIP) 

260 
300 

°C 

*  Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
tDerating  -  Plastic  DIP:  -  10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -  10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjn  and 
Vout  should  be  constrained  to  the 
range  GND  <  (Vjn  or  Vout>^vCC- 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  VqO-  Unused 
outputs  must  be  left  open. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

VCC 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

tr,  t, 

Input  Rise  and  Fall  Time                          Vcc  =  2.0  V 
(Figure  1)  VCC=4.5V 

VCC  =  6.0  V 

0 
0 
0 

1000 
500 
400 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 


vcc 

Guaranteed  Limit 

Symbol 

Parameter 

Test  Conditions 

25°C  to 

Unit 

V 

-55°C 

<85°C 

<125°C 

V|H 

Minimum  High-Level  Input 

Vout  =  0.1  Vor  Vcc-0.1  V 

2.0 

1.5 

1.5 

1.5 

V 

Voltage 

|lout|s20^A 

4.5 

3.15 

3.15 

3.15 

6.0 

4.2 

4.2 

4.2 

V|L 

Maximum  Low-Level  Input 

Vout  =  0.1  Vor  Vcc-0.1  V 

2.0 

0.3 

0.3 

0.3 

V 

Voltage 

I'out!  s2°  eA 

4.5 

0.9 

0.9 

0.9 

6.0 

1.2 

1.2 

1.2 

VOH 

Minimum  High-Level  Output 

vin  =  v|H  or  V|L 

2.0 

1.9 

1.9 

1.9 

V 

Voltage 

|lout|<20^A 

4.5 

4.4 

4.4 

4.4 

6.0 

5.9 

5.9 

5.9 

Vin  =  V|HorV|L  |lou,|<4.0mA 

4.5 

3.98 

3.84 

3.70 

lout|  <5.2  mA 

6.0 

5.48 

5.34 

5.20 

vol 

Maximum  Low-Level  Output 

Vin=V|H  or  V|L 

2.0 

0.1 

0.1 

0.1 

V 

Voltage 

|lout|<20MA 

4.5 

0.1 

0.1 

0.1 

6.0 

0.1 

0.1 

0.1 

Vin  =  V|HorV|L  |lout|<4.0mA 

4.5 

0.26 

0.33 

0.40 

|lout|<5.2  mA 

6.0 

0.26 

0.33 

0.40 

lin 

Maximum  Input  Leakage  Current 

Vin  =  VCC  or  GND 

6.0 

+  0.1 

±1.0 

±1.0 

»A 

'cc 

Maximum  Quiescent  Supply 

vin  =  VCC  °r  GND 

6.0 

4 

40 

80 

Current  (per  Package) 

lout  =  0^A 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 


MOTOROLA  HIGH-SPEED  CMOS  LOGIC  DATA 

5-113 


MC54/74HC113 


AC  ELECTRICAL  CHARACTERISTICS  ICL  =  50  pF,  Input  tr  =  tf  =  6ns> 


vcc 

Guaranteed  Limit 

Symbol 

Parameter 

25°C  to 

Unit 

V 

-55°C 

<85°C 

<12S*C 

'max 

Maximum  Clock  Frequency  (50%  Duty  Cycle) 

2.0 

6  0 

4  8 

4  0 

MHz 

(Figures  1  and  41 

4.5 

30 

24 

20 

6.0 

35 

28 

24 

tPLH. 

Maximum  Propagation  Delay,  Clock  to  Q  or  Q 

2.0 

125 

155 

190 

ns 

'PHL 

(Figures  1  and  4) 

4.5 

25 

31 

38 

6.0 

21 

26 

32 

<PLH. 

Maximum  Propagation  Delay,  Set  to  Q  or  Q 

2.0 

165 

205 

250 

ns 

tPHL 

(Figures  2  and  4) 

4.5 

33 

41 

50 

6.0 

28 

35 

43 

•tlh. 

Maximum  Output  Transition  Time,  Any  Output 

2.0 

75 

95 

110 

ns 

Thl 

(Figures  1  and  4) 

4.5 

15 

19 

22 

6.0 

13 

16 

19 

Cjn 

Maximum  Input  Capacitance 

10 

10 

10 

pF 

NOTES: 

1.  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


CPD 

Power  Dissipation  Capacitance  (Per  Flip-Flop) 

Typical  @  2S'>C,  VCC  =  5.0  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 

PD  =  CpD  Vcc^+lcC  VCC 

35 

pF 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

TIMING  REQUIREMENTS  (Input  tr  =  tf  =  6  ns) 


vcc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

25°  C  to 
-55°C 

<85°C 

S125°C 

Unit 

'su 

Minimum  Setup  Time,  J  or  K  to  Clock 

2.0 

100 

125 

150 

ns 

(Figure  3) 

4.5 

20 

25 

30 

6.0 

17 

21 

26 

'h 

Minimum  Hold  Time,  Clock  to  J  or  K 

2.0 

3 

3 

3 

ns 

(Figure  3) 

4.5 

3 

3 

3 

6.0 

3 

3 

3 

trec 

Minimum  Recovery  Time,  Set  Inactive  to  Clock 

2.0 

100 

125 

150 

ns 

(Figure  2) 

4.5 

20 

25 

30 

6.0 

17 

21 

26 

tw 

Minimum  Pulse  Width,  Clock 

2.0 

80 

100 

120 

ns 

(Figure  1) 

4.5 

16 

20 

24 

6.0 

14 

17 

20 

<w 

Minimum  Pulse  Width,  Set 

2.0 

80 

100 

120 

ns 

(Figure  2) 

4.5 

16 

20 

24 

6.0 

14 

17 

20 

V.  tf 

Maximum  Input  Rise  and  Fall  Times 

2.0 

1000 

1000 

1000 

ns 

(Figure  1) 

4.5 

500 

500 

500 

6.0 

400 

400 

400 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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FIGURE  1 


FIGURE2 


Clock 


■*\  |<-tf  *j  j<-tr 

 \  90%  *  

\  50%  X 

\10%  Jf. 


90%  J.  i 

QorQ         50%  /  | 

10%  JT  \  

— H    U-tTLH  tTHL^l  U- 


—  "  'max  
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FIGURE  3 


JorK 


Clock 


VCC 


GND 


  VCC 


FIGURE4- TEST  CIRCUIT 


Device 
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Test 
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Output 
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*  Includes  all  probe  and  jig  capacitance. 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL  DATA 


Quad  3-State  IMoninverting 
Buffers 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC125  and  MC54/74HC126  are  identical  in  pinout  to  the  LS125  and 
LS126.  The  device  inputs  are  compatible  with  standard  CMOS  outputs;  with  pullup 
resistors,  they  are  compatible  with  LSTTL  outputs. 

The  HC125  and  HC126  noninverting  buffers  are  designed  to  be  used  with  3-state 
memory  address  drivers,  clock  drivers,  and  other  bus-oriented  systems.  The  devices 
have  four  separate  output  enables  that  are  active-low  (HC125)  or  active-high 
(HC126). 

•  Output  Drive  Capability:  15  LSTTL  Loads 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1  //A 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  72  FETs  or  18  Equivalent  Gates 


LOGIC  DIAGRAM 


HC125 

Active-Low  Output  Enables 


HC126 

Active-High  Output  Enables 


OE  l  ■ 


A3  - 


A4  ■ 


DEI 


0E2 


Y3 


0E4  • 


PIN  14  =  Vqc 
PIN  7  -  GND 


MC54/74HC125 
MC54/74HC126 


J  SUFFIX 
CERAMIC 
CASE  632 


N  SUFFIX 
PLASTIC 
CASE  646 


D  SUFFIX 

SOIC 
CASE  751A 


ORDERING  INFORMATION 

MC74HCXXXN  Plastic 
MC54HCXXXJ  Ceramic 
MC74HCXXXD  SOIC 

Ta=  -55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 


PIN  ASSIGNMENT 


FUNCTION  TABLE 


HC125 

HC126 

Inputs 

Output 

Inputs 

Output 

A  OE 

Y 

A  OE 

Y 

H  L 

H 

H  H 

H 

L  L 

L 

L  H 

L 

X  H 

Z 

X  L 

Z 

X  =  don't  care 

Z  =  high  impedance 
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MC54/74HC125-MC54/74HC126 


MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

vcc 

DC  Supply  Voltage  IReferenced  to  GND) 

-0.5  to  +7.0 

V 

Vin 

DC  Input  Voltage  IReferenced  to  GND) 

-1.5  to  Vcc +  1-5 

V 

Vout 

DC  Output  Voltage  IReferenced  to  GND) 

-0.5  to  Vcc +  0.5 

V 

'in 

DC  Input  Current,  per  Pin 

+  20 

mA 

'out 

DC  Output  Current,  per  Pin 

+  35 

mA 

ice 

DC  Supply  Current,  Vcc  and  GND  pins 

±75 

mA 

PD 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPT 
SOIC  Packaget 

750 
500 

mW 

Tstg 

Storage  Temperature 

-65  to  +150 

°C 

TL 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 

(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°C 

*Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
tDerating  -  Plastic  DIP:  -  10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -  10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjn  and 
Vout  should  be  constrained  to  the 
range  GND<(Vin  or  Vout)<Vcc. 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  Vcc).  Unused 
outputs  must  be  left  open. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

vcc 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

•r.  tf 

Input  Rise  and  Fall  Time                           Vcc  =2.0  v 
(Figure  1)  VCc=4.5V 

VCc  =  6.0  V 

0 
0 
0 

1000 
500 
400 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 


vCc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

Test  Conditions 

25°Cto 
-55°C 

s85°C 

S125-C 

Unit 

VfH 

Minimum  High-Level  Input 
Voltage 

Vout  =  VCC -0.1V 
I'out!  s20^A 

2.0 
4.5 
6.0 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

V 

V|L 

Maximum  Low-Level  Input 
Voltage 

Vout  =  0.1V 
|lout|<20^ 

2.0 
4.5 
6.0 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

V 

VOH 

Minimum  High-Level  Output 
Voltage 

Vin  =  V|H 
|lout|<20^A 

2.0 
4.5 
6.0 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

V 

Vin  =  V|H  |lout|<6.0mA 
|lout|s7.8  mA 

4.5 
6.0 

3.98 
5.48 

3.84 
5.34 

3.70 
5.20 

vol 

Maximum  Low-Level  Output 
Voltage 

Vin  =  V,L 
|lout|<20^A 

2.0 
4.5 
6.0 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

V 

Vin  =  V|L  |lout|<6.0mA 
|lout|<7.8  mA 

4.5 

6.0 

0.26 
0.26 

0.33 
0.33 

0.40 
0.40 

"in 

Maximum  Input  Leakage  Current 

V|n  =  VcC  or  GND 

6.0 

±0.1 

±1.0 

±1.0 

'oz 

Maximum  Three-State  Leakage 
Current 

Output  in  High-Impedance  State 
Vin  =  V|L°rV|H 
Vout  =  Vcc  °r  GND 

6.0 

±0.5 

±5.0 

±10.0 

(«A 

"cc 

Maximum  Quiescent  Supply 
Current  (per  Package) 

Vin  =  VCC  or  GND 
lout  =  °fA 

6.0 

8 

80 

160 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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MC54/74HC125-MC54/74HC126 

AC  ELECTRICAL  CHARACTERISTICS  ICL  =  50  pF,  Input  tr  =  tt  =  6  ns) 


vCc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

25°C  to 
-55°C 

S85°C 

S  125°C 

Unit 

tPLH- 
<PHL 

Maximum  Propagation  Delay,  Input  A  to  Output  Y 
(Figures  1  and  3) 

2.0 
4.5 
6.0 

100 
20 
17 

125 
25 
21 

150 
30 
26 

ns 

tpLZ. 
*PHZ 

Maximum  Propagation  Delay,  Output  Enable  to  Y 
(Figures  2  and  4) 

2.0 
4.5 
6.0 

125 
25 

155 
31 

190 
38 
32 

ns 

*PZL- 
tPZH 

Maximum  Propagation  Delay,  Output  Enable  to  Y 
(Figures  2  and  41 

2.0 
4.5 
6.0 

125 
25 
21 

155 

31 
26 

190 
38 
32 

ns 

>TLH. 
THL 

Maximum  Output  Transition  Time,  Any  Output 
(Figures  1  and  3) 

2.0 
4.5 
6.0 

60 

12 
10 

75 
15 
13 

90 
18 
15 

ns 

cin 

Maximum  Input  Capacitance 

10 

10 

10 

PF 

cout 

Maximum  Three-State  Output  Capacitance  (Output  in  High-Impedance 
State) 

15 

15 

15 

pF 

NOTES: 

1 .  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 

page  4-2. 

CPD 

Power  Dissipation  Capacitance  (Per  Buffer) 

Typical  ( 

8  25°C.  VCC=S.0V 

Used  to  determine  the  no-load  dynamic  power  consumption: 
PD  =  CpD  Vcc2'  +  'CC  VCC 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

45 

pF 

SWITCHING  WAVEFORMS 


/so*  \ 

 :r10*  3i 


<PLH  - 


"cc 

GND 


90%  ,!  

50%, I  5- 

 mjf  \  

<TLH — *-!    l<—        — H    U— 'THL 


'IPHL 


OEIHC126)  ^ 
0EIHC126)  jK 


Figure  1 


OUTPUT  V 


-'PZl  'PLZ- 


"'PZH  'PHZ- 


VfJC 
GNO 


—  vcc 

 GNO 


■50* 


10%_ 


HIGH 
'  IMPEDANCE 

VOL 


90*  —  V0H 
HIGH 

IMPEDANCE 


Figure  2 


TEST  POINT 


TEST  POINT 


*lncludes  all  probe  and  jig  capacitance. 
Figure  3.  Test  Circuit 


CONNECT  TO  Vcc  WHEN 
TESTING  tplZ  AND  tPzl. 
CONNECT  TO  GND  WHEN 
TESTING  tpHZ  AND  tPZH. 


*lncludes  all  probe  and  jig  capacitance. 
Figure  4.  Test  Circuit 
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LOGIC  DETAILS 


HC125 

l%  of  the  Device] 


o 


HC126 
('/.  of  the  Device) 


A- 


 > 

•t>H> 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL  DATA 


Quad  2-lnput  NAND  Gate  with 
Schmitt-Trigger  Inputs 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC132  is  identical  in  pinout  to  the  LS132.  The  device  inputs  are 
compatible  with  standard  CMOS  outputs;  with  pullup  resistors,  they  are  compatible 
with  LSTTL  outputs. 

The  HC132  can  be  used  to  enhance  noise  immunity  or  to  square  up  slowly  chang- 
ing waveforms. 

•  Output  Drive  Capability:  10  LSTTL  Loads 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1  >iA 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  72  FETs  or  18  Equivalent  Gates 


MC54/74HC132 


LOGIC  DIAGRAM 


J  SUFFIX 
CERAMIC 
CASE  632 


IM  SUFFIX 
PLASTIC 
CASE  646 


D  SUFFIX 

SOIC 
CASE  7S1A 


ORDERING  INFORMATION 

MC74HCXXXN  Plastic 
MC54HCXXXJ  Ceramic 
MC74HCXXXD  SOIC 

Ta=  -55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 


Yl 


Y  =  *B 


PIN  ASSIGNMENT 


FUNCTION  TABLE 


Inputs 

Output 
Y 

A 

B 

L 

L 

H 

L 

H 

H 

H 

L 

H 

H 

H 

L 

PIN  14  =  VCC 
PIN  7  =  GN0 
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MC54/74HC132 


MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

-0.5  to  +7.0 

V 

DC  Input  Voltage  (Referenced  to  GND) 

-1.5  to  Vqc +  1-5 

V 

v0ut 

DC  Output  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc +  0-5 

V 

ljn 

DC  Input  Current,  per  Pin 

±20 

mA 

'out 

DC  Output  Current,  per  Pin 

±25 

mA 

!CC 

DC  Supply  Current,  Vcc  and  GND  Pins 

±50 

mA 

PD 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tstq 

Storage  Temperature 

-65  to  +150 

°c 

TL 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°C 

*Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
tDerating  -  Plastic  DIP:  -  10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -  10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjn  and 
Vout  should  be  constrained  to  the 
range  GND<(Vjn  or  Vout)^VCC- 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  Vcc'-  Unused 
outputs  must  be  left  open. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

vcc 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

'r.  tf 

Input  Rise  and  Fall  Time  (Figure  1) 

no 
limit* 

ns 

*When  Vjn-0.5  Vcc.  'CC>  >quiescent  current. 


DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 


Guaranteed  Limit 

Symbol 

Parameter 

Test  Conditions 

vcc 

V 

2S°C 

-40°C 
to 

-55°C 
to 

Unit 

+  8S«C 

+  12S°C 

Vy+max 

Maximum  Positive-Going 

Vout  =  0.1  V 

2.0 

1.50 

1.50 

1.50 

V 

Input  Threshold  Voltage 

|lout|<20(lA 

4.5 

3.15 

3.15 

3.15 

(Figure  3) 

6.0 

4.20 

4.20 

4.20 

Vf  +  min 

Minimum  Positive-Going 

VOut  =  0.1  V 

2.0 

1.00 

0.95 

0.95 

V 

Input  Threshold  Voltage 

|lout|<20»<A 

4.5 

2.30 

2.25 

2.25 

(Figure  3) 

6.0 

3.00 

2.95 

2.95 

Vj  _  max 

Maximum  Negative-Going 

Vout  =  VCC-01  V 

2.0 

0.90 

0.95 

0.95 

V 

Input  Threshold  Voltage 

|lout|<20„A 

4.5 

2.00 

2.05 

2.05 

(Figure  3) 

6.0 

2.60 

2.65 

2.65 

Vy  _  min 

Minimum  Negative-Going 

Vout  =  VCC-0.1  V 

2.0 

0.30 

0.30 

0.30 

V 

Input  Threshold  Voltage 

HoutijS&liA 

4.5 

0.90 

0.90 

0.90 

(Figure  3) 

6.0 

1.20 

1.20 

1.20 

Vnmax 

Maximum  Hysteresis  Voltage 

Vout  =  0.1  Vor  Vcc-0.1  V 

2.0 

1.20 

1.20 

1.20 

V 

Note  2 

(Figure  3) 

4.5 

2.25 

2.25 

2.25 

6.0 

3.00 

3.00 

3.00 

V^min 

Minimum  Hysteresis  Voltage 

Vout  =  0.1  Vor  Vcc-0.1  V 

2.0 

0.20 

0.20 

0.20 

V 

Note  2 

(Figure  3) 

|loutN20»^ 

4.5 

0.40 

0.40 

0.40 

6.0 

0.50 

0.50 

0.50 

NOTES: 

1 .  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 

2.  Vnmin>IV-r  +  min)-(Vx_max);  Vnmax  =  (Vj  + max)  +  (Vj_min). 
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MC54/74HC132 


DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 


Symbol 

Parameter 

Test  Conditions 

vcc 

V 

Guaranteed  Limit 

Unit 

25°  C  to 
-55°C 

s85°C 

<125°C 

V0H 

Minimum  High-Level  Output 
Voltage 

Vjn  <  Vx  _  min  or  Vx  +  max 
|IOU,|<20^A 

2.0 
4.5 
6.0 

1.9 
4.4 

5.9 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

V 

Vjn<Vj_min  or  V-j-+  max 

|lout|<4.0  mA 
|lout|<5.2  mA 

4.5 
6.0 

3.98 
5.48 

3.84 
5.34 

3.70 
5.20 

vol 

Maximum  Low-Level  Output 
Voltage 

VinaVT  +  max 
|lout|<20,<A 

2.0 
4.5 
6.0 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

V 

VinaVT  +  max            |lout|s  4.0  mA 
|lout|s5.2  mA 

4.5 
6.0 

0.26 
0.26 

0.33 
0.33 

0.40 
0.40 

I'm 

Maximum  Input  Leakage  Current 

Vin  =  VcC  or  GND 

6.0 

±0.1 

±1.0 

+  1.0 

«A 

ice 

Maximum  Quiescent  Supply 
Current  {per  Package) 

Vin  =  VCC  or  GND 
lOut  =  0>A 

6.0 

2 

20 

40 

MA 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
AC  ELECTRICAL  CHARACTERISTICS  (CL  =  50  pF,  Input  tr=tf  =  6  ns) 

Symbol 

Parameter 

vCc 

V 

Guaranteed  Limit 

Unit 

25°C  to 
-55°C 

<85°C 

<125°C 

tPLH. 
»PHL 

Maximum  Propagation  Delay,  Input  A  or  B  to  Output  Y 
(Figures  1  and  2) 

2.0 
4.5 
6.0 

125 
25 
21 

155 
31 
26 

190 
38 

32 

ns 

tTLH- 
<THL 

Maximum  Output  Transition  Time,  Any  Output 
(Figures  1  and  2) 

2.0 
4.5 
6.0 

75 
15 
13 

95 
19 
16 

110 
22 
19 

ns 

Cjn 

Maximum  Input  Capacitance 

10 

10 

10 

pF 

NOTES: 

1.  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4, 


Cpo 

Power  Dissipation  Capacitance  (Per  Gate) 

Typical  @  25°  C,  VCc  =  5  n  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 

PD  =  CPD  Vcc2f+lcc  VCC 

24 

pF 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

*lncludes  all  probe  and  jig  capacitance. 


Figure  1.  Switching  Waveforms  Figure  2.  Test  Circuit 
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3.0  4.0 
VCC.  POWER  SUPPLY  VOLTAGE  (VOLTSI 

VHtyp=(VT  +  typ|-|VT_typ> 


VHt»P 


6.0 


Figure  3.  Typical  Input  Threshold.  Vj  +  ,  Vj- 
Versus  Power  Supply  Voltage 


VCC 


Vout 


lal  A  SCHMITT  TRIGGER  SQUARES  UP  INPUTS 
WITH  SLOW  RISE  AND  FALL  TIMES 


m  A  SCHMITT  TRIGGER  OFFERS  MAXIMUM  NOISE 


I  I 


•VOH 


Figure  4.  Typical  Schmitt-Trigger  Applications 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL  DATA 


13-lnput  NAND  Gate 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC133  is  identical  in  pinout  to  the  LS133.  The  device  inputs  are 
compatible  with  standard  CMOS  outputs;  with  pullup  resistors,  they  are  compatible 
with  LSTTL  outputs. 

This  NAND  gate  features  13  inputs  which  surpasses  most  random  logic 
requirements. 

•  Output  Drive  Capability:  10  LSTTL  Loads 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1  /*A 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  68  FETs  or  17  Equivalent  Gates 


LOGIC  DIAGRAM 


Y  =  A«B»O0«E«F«G«H»l«>K»L»M 


MC54/74HC133 


$0 

J  SUFFIX 
CERAMIC 
CASE  620 

N  SUFFIX 
PLASTIC 
CASE  648 

i 

D  SUFFIX 

SOIC 
CASE  751 

ORDERING  INFORMATION 

MC74HCXXXN 
MC54HCXXXJ 
MC74HCXXXD 

Plastic 

Ceramic 

SOIC 

Ta  =  -  55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 

PIN  16  =  VCC 
PIN  8  -  GND 


PIN  ASSIGNMENT 


FUNCTION  TABLE 


Inputs  A  through  M 

Output 
Y 

All  inputs  H 

All  other  combinations 

L 
H 
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MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

-0.5  to  +7.0 

V 

V,n 

DC  Input  Voltage  (Referenced  to  GND) 

-  1.5  to  Vcc +  1-5 

V 

Vout 

DC  Output  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc +  0.5 

V 

■in 

DC  I nput  Cu rrent  per  Pin 

+  20 

'out 

DC  Output  Current,  per  Pin 

±25 

mA 

ice 

DC  Supply  Current,  Vcc  and  GND  Pins 

±50 

mA 

pd 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tstg 

Storage  Temperature 

-65  to  +150 

°C 

TL 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°c 

*Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
tDerating  -  Plastic  DIP:  -10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -  10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjn  and 
Vout  should  be  constrained  to  the 
range  GND<(Vin  or  Vout)<VCC- 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  Vcc>-  Unused 
outputs  must  be  left  open. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin.Vou, 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

VCC 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

Ir.  tf 

Input  Rise  and  Fall  Time                          Vcc  =  2.0  V 
(Figure  1)  VCC=4.5V 

VCC  =6.0  V 

0 
0 
0 

1000 
500 
400 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 


Symbol 

Parameter 

Test  Conditions 

vcc 

V 

Guaranteed  Limit 

Unit 

25°C  to 
-55°C 

S85°C 

<125°C 

V|H 

Minimum  High-Level  Input 
Voltage 

Vout  =  0.1  Vor  Vcc-0.1  V 
Houtl^CA 

2.0 
4.5 
6.0 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

V 

VlL 

Maximum  Low-Level  Input 
Voltage 

Vout  =  0.1  Vor  Vcc-0.1  V 
|lout|s20,iA 

2.0 
4.5 
6.0 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

V 

VOH 

Minimum  High-Level  Output 
Voltage 

Vin  =  V|H  or  V|L 
|lout|s20^A 

2.0 
4.5 
6.0 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

V 

Vin  =  V|HorV|L             |lou,|  5=4.0  mA 
I'outl  —  5  2  mA 

4.5 
6.0 

3.98 
5.48 

3.84 
5.34 

3.70 
5.20 

vol 

Maximum  Low-Level  Output 
Voltage 

Vin  =  V|H  or  V|L 
|lout|s20,iA 

2.0 
4.5 
6.0 

odd 

0.1 
0.1 
0.1 

odd 

V 

Vin  =  V|HorV|L  |lout|<4.0mA 
lou,|s5.2  mA 

4.5 
6.0 

0.26 
0.26 

0.33 
0.33 

0.40 
0.40 

■tn 

Maximum  Input  Leakage  Current 

Vin  =  VCC  or  GND 

6  0 

±0.1 

J  1.0 

±1.0 

pA 

'cc 

Maximum  Quiescent  Supply 
Current  (per  Package) 

V,n  =  VcC  or  GND 
lout  =  0fA 

6.0 

2 

20 

40 

MA 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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AC  ELECTRICAL  CHARACTERISTICS  (CL  =  50  pF,  Input  tr  =  t(  =  6  ns) 


vcc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

25°  C  to 

<85°C 

<125°C 

Unit 

-55^ 

<PLH. 

Maximum  Propagation  Delay,  Any  Input  to  Output  Y 

2.0 

175 

220 

265 

ns 

»PHL 

(Figures  1  and  2) 

4.5 

35 

44 

53 

6.0 

30 

37 

45 

TLH. 

Maximum  Output  Transition  Time,  Any  Output 

2.0 

75 

95 

110 

ns 

thl 

(Figures  1  and  2) 

4.5 

15 

19 

22 

6.0 

13 

16 

19 

Cin 

Maximum  Input  Capacitance 

10 

10 

10 

pF 

NOTES: 

1.  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


CPD 

Power  Dissipation  Capacitance  (Per  Package) 

Typical  @  25°C.  VCC=5  0  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 

PD  =  CPD  VcC2f+lCC  VCC 

27 

PF 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

Figure  1.  Switching  Waveforms  Figure  2.  Test  Circuit 


EXPANDED  LOGIC  DIAGRAM 


Y 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL  DATA 


1  -of-8  Decoder/Demultiplexer 
with  Address  Latch 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC137  is  identical  in  pinout  to  the  LS137.  The  device  inputs  are 
compatible  with  standard  CMOS  outputs;  with  pullup  resistors,  they  are  compatible 
with  LSTTL  outputs. 

The  HC137  decodes  a  three-bit  Address  to  one-of-eight  active-low'outputs.  The 
device  has  a  transparent  latch  for  storage  of  the  Address.  Two  Chip  Selects,  one 
active-low  and  one  active-high,  are  provided  to  facilitate  the  demultiplexing,  cascad- 
ing, and  chip-selecting  functions. 

The  demultiplexing  function  is  accomplished  by  using  the  Address  inputs  to  select 
the  desired  device  output,  and  then  by  using  one  of  the  Chip  Selects  as  a  data 
input  while  holding  the  other  one  active. 

The  HC137  is  the  inverting  version  of  the  HC237. 

•  Output  Drive  Capability:  10  LSTTL  Loads 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  152  FETs  or  38  Equivalent  Gates 


MC54/74HC137 


J  SUFFIX 

CERAMIC 

CASE  620 

16       If  II  ||  v  " 

1 

|           N  SUFFIX 

PLASTIC 

CASE  648 

1 

0  SUFFIX 

SOIC 

1 

CASE  751 

ORDERING  INFORMATION 

MC74HCXXXN  Plastic 

MC54HCXXXJ 

Ceramic 

MC74HCXXXD  SOIC 

TA  =  -  55°  to  125°C  for  all  packages. 

Dimensions  in  Chapter  7. 

BLOCK  DIAGRAM 


Address 
Inputs 


A0- 
A1- 
A2- 


Latch  Enable 


Chip- 
Select 
Inputs 


r  csi- 

l  CS2- 


Trans- 
parent 
Latch 


1-of-8 
Decoder 


Pin  16=Vcc 
Pin  8=  GND 


Active- 
Low 
Outputs 


PIN  ASSIGNMENT 
AO  I 


>vcc 


FUNCTION  TABLE 


Inputs 

Outputs 

LE 

CS1  CS2 

A2  A1  AO 

Y0  Y1  Y2  Y3  Y4  Y5  Y6  Y7 

X 

X 

H 

X 

X 

X 

H 

H 

H 

H 

H 

H 

H  H 

X 

L 

X 

X 

X 

X 

H 

H 

H 

H 

H 

H 

H  H 

L 

H 

L 

L 

L 

L 

L 

H 

H 

H 

H 

H 

H  H 

L 

H 

L 

L 

L 

H 

H 

L 

H 

H 

H 

H 

H  H 

L 

H 

L 

L 

H 

L 

H 

H 

L 

H 

H 

H 

H  H 

L 

H 

L 

L 

H 

H 

H 

H 

- 

L 

H 

H 

H  H 

L 

H 

L 

- 

L 

L 

H 

H 

H 

H 

L 

H 

H  H 

L 

H 

L 

H 

L 

H 

H 

H 

H 

H 

H 

L 

H  H 

L 

H 

L 

H 

H 

L 

H 

H 

H 

H 

H 

H 

L  H 

L 

H 

L 

- 

H 

H 

H 

H 

H 

H 

H 

H 

H  L 

H 

H 

L 

K 

X 

X 

• 

*  -  Depends  upon  the  Address  previously  applied 
while  LE  was  at  a  low  level. 


MOTOROLA  HIGH-SPEED  CMOS  LOGIC  DATA 


5-127 


MC54/74HC137 


MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

-0.5  to  +7.0 

V 

Vin 

DC  Input  Voltage  (Referenced  to  GND) 



-1.5  to  Vcc+1.5 

V 

Vout 

DC  Output  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc +  0.5 

V 

lin 

DC  Input  Current,  per  Pin 

±20 

mA 

'out 

DC  Output  Current,  per  Pin 

^25 

mA 

ice 

DC  Supply  Current,  Vcc  and  GND  Pins 

J  50 

mA 

PD 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tstg 

Storage  Temperature 

-65  to  +150 

°C 

TL 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°C 

*Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
tDerating  -  Plastic  DIP:  - 10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjn  and 
Vout  should  be  constrained  to  the 
range  GND  <  (Vjn  or  Vout)<VCc. 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  Vcc)-  Unused 
outputs  must  be  left  open. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vec 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

vcc 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

tp  f 

Input  Rise  and  Fall  Time                        Vcc  =  2.0  V 
(Figure  2)                                          Vcc  =  4-5V 

VCC  =  6.0  V 

0 
0 
0 

1000 
500 
400 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 

Symbol 

Parameter 

Test  Conditions 

vCc 

V 

Guaranteed  Limit 

Unit 

25°C  to 
-55°C 

<85°C 

<125°C 

V|H 

Minimum  High-Level  Input 
Voltage 

Vout'fl  l  Vor  VCC -0.1  V 
|Iou,|e20„A 

2.0 
4.5 
6.0 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

V 

Maximum  Low-Level  Input 
Voltage 

Vout  =  0.1  Vor  Vcc-0.1  V 
Hout|s20„A 

2.0 
4.5 
6.0 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

V 

VOH 

Minimum  High-Level  Output 
Voltage 

Vin  =  V|H  or  V|L 
|lout|s20,.A 

2.0 
4.5 
6.0 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

V 

Vin  =  V|H  or  V|L  |lout|<4.0mA 
|lout|<5.2  mA 

4.5 
6.0 

3.98 
5.48 

3.84 
5.34 

3.70 
5.20 

vol 

Maximum  Low-Level  Output 
Voltage 

Vin  =  V|H  or  V|L 
\\out\<20„A 

2.0 
4.5 
6.0 

0.1 

0.1 
0.1 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

V 

Vin  =  VIHorV|L              lout  is  4.0  mA 
|lout|<5.2  mA 

4.5 
6.0 

0.26 
0.26 

0.33 
0.33 

0.40 
0.40 

>in 

Maximum  Input  Leakage  Current 

Vjn  =  Vcc  or  GND 

6.0 

t  0  I 

■  1.0 

±1.0 

^A 

ice 

Maximum  Quiescent  Supply 
Current  (per  Package) 

Vin  =  VCC  O'  GND 
lout  =  0MA 

6.0 

8 

80 

160 

mA 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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AC  ELECTRICAL  CHARACTERISTICS  (CL=50  pF,  Input  tr  =  tf  =  6  ns) 


vcc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

25°  C  to 
-55°C 

<85°C 

<125°C 

Unit 

'PLH 

Maximum  Propagation  Delay,  Input  A  to  Output  Y 
(Figures  1  and  61 

2.0 
4.5 
6.0 

170 
34 
29 

215 
43 

37 

255 
51 
43 

ns 

tPHL 

2.0 
4.5 

6.0 

240 
48 
41 

300 
60 
51 

360 
72 
61 

«PLH 

Maximum  Propagation  Delay,  CS1  or  CS2  to  Output  Y 
(Figures  2,  3  and  6) 

2.0 
4.5 
6.0 

150 
30 
26 

190 
38 
33 

225 
45 
38 

ns 

'PHL 

2.0 
4.5 
6.0 

195 
39 
33 

245 
49 
42 

295 
59 
50 

'PLH 

Maximum  Propagation  Delay,  Latch  Enable  to  Output  Y 
(Figures  4  and  6) 

2.0 
4.5 
6.0 

175 
35 
30 

220 
44 
37 

265 
53 
45 

ns 

'PHL 

2.0 
4.5 
6.0 

250 
50 
43 

315 
63 
54 

375 
75 
64 

'TLH. 
'THL 

Maximum  Output  Transition  Time,  Any  Output 
(Figures  2  and  6) 

2.0 
4.5 
6.0 

75 
15 
13 

95 
19 
16 

110 
22 
19 

ns 

Cin 

Maximum  Input  Capacitance 

10 

10 

10 

PF 

NOTES: 

1.  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 

CpD 

Power  Dissipation  Capacitance  (Per  Package) 

Typical  @  25°C,  Vcc  =  5  0  v 

Used  to  determine  the  no-load  dynamic  power  consumption: 
pD  =  CPD  vCC2f  +  !CC  VCC 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

100 

pF 

TIMING  REQUIREMENTS  (Input  tr  =  tf  =  6  nsl 


vCc 

Guaranteed  Limit 

Symbol 

Parameter 

25°C  to 

Unit 

V 

-55°C 

<85°C 

<125°C 

Tsu 

Minimum  Setup  Time,  Input  A  to  Latch  Enable 

2.0 

100 

125 

150 

ns 

(Figure  51 

4.5 

20 

25 

30 

6.0 

17 

21 

26 

<h 

Minimum  Hold  Time,  Latch  Enable  to  Input  A 

2.0 

50 

65 

75 

ns 

(Figure  51 

4.5 

10 

13 

15 

6.0 

9 

11 

13 

tw 

Minimum  Pulse  Width,  Latch  Enable 

2.0 

80 

100 

120 

ns 

(Figure  4) 

4.5 

16 

20 

24 

6.0 

14 

17 

20 

*t.  tf 

Maximum  Input  Rise  and  Fall  Times 

2.0 

1000 

1000 

1000 

ns 

(Figure  21 

4.5 

500 

500 

500 

6.0 

400 

400 

400 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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ADDRESS  INPUTS 

AO.  A1.  A2  (PINS  1,  2,  3)  —  Address  inputs.  These  inputs, 
when  the  chip  is  enabled,  determine  which  of  the  eight  outputs 
is  selected. 

CONTROL  INPUTS 

CS1,  CS2  (PINS  6,  5)  -  Chip-Select  inputs.  For  CS1  at  a 
high  level  and  CS2  at  a  low  level,  the  chip  is  enabled  and  the 
outputs  follow  the  address  inputs  (Latch  Enable  =  L).  For  any 
other  combination  of  CS1  and  CS2,  the  outputs  are  at  a  high 
level. 


LATCH  ENABLE  (PIN  4)  -  Latch-Enable  input.  A  high 
level  at  this  input  latches  the  Address.  A  low  level  at  this  input 
allows  the  outputs  to  follow  the  data  at  the  Address  pins 
(CS1  =  Hand  CS2  =  U. 

OUTPUTS 

Y0-Y7  -  Active-low  outputs.  One  of  these  eight  outputs  is 
selected  when  the  chip  is  enabled  (CS1  =  H  and  CS2  =  L)  and 
the  data  on  the  AO,  A1,  and  A2  inputs  correspond  to  that 
particular  output.  The  selected  output  is  at  a  low  level  while 
all  others  remain  at  a  high  level. 


SWITCHING  WAVEFORMS 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL  DATA 


1  -of-8  Decoder/Demultiplexer 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC138  is  identical  in  pinout  to  the  LS138.  The  device  inputs  are 
compatible  with  standard  CMOS  outputs;  with  pullup  resistors,  they  are  compatible 
with  LSTTL  outputs. 

The  HC138  decodes  a  three-bit  Address  to  one-of-eight  active-low  outputs.  This 
device  features  three  Chip  Select  inputs,  two  active-low  and  one  active-high  to  fa- 
cilitate the  demultiplexing,  cascading,  and  chip-selecting  functions.  The  demultiplex- 
ing function  is  accomplished  by  using  the  Address  inputs  to  select  the  desired 
device  output;  one  of  the  Chip  Selects  is  used  as  a  data  input  while  the  other  Chip 
Selects  are  held  in  their  active  states. 


MC54/74HC138 


Output  Drive  Capability:  10  LSTTL  Loads 

Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

Operating  Voltage  Range:  2  to  6  V 

Low  Input  Current;  1  /iA 

High  Noise  Immunity  Characteristic  of  CMOS  Devices 

In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

Chip  Complexity:  116  FETs  or  29  Equivalent  Gates 


LOGIC  DIAGRAM 


Address 
Inputs 


AO 
Al 
A2 


Chip- 
Select 
Inputs 


CS1 
CS2 
CS3 


1 

_  15. 

2 

14 

3 

»)-£. 

 12. 

 n_ 

 9_ 

 7. 

6 

1 

4 

5 

Y0 
Y1 
Y2 
Y3 
Y4 
Y5 
Y6 
Y7J 


Active-Low 
Outputs 


Pin  16=  Vcc 
Pin  8  =GND 


J  SUFFIX 
CERAMIC 
CASE  620 

1 

N  SUFFIX 
PLASTIC 
CASE  648 

D  SUFFIX 

SOIC 
CASE  7S1 

ORDERING  INFORMATION 

MC74HCXXXN 
MC64HCXXXJ 
MC74HCXXXD 

Plastic 

Ceramic 

SOIC 

Ta  =  -  55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 

PIN  ASSIGNMENT 


AO  1 

1  • 

16 

I  vcc 

Al  C 

2 

15 

]  Y0 

A2  C 

3 

14 

1  Y1 

CS2  I 

4 

13 

|  Y2 

CS3  [ 

5 

12 

I  Y3 

CS1  [ 

6 

11 

]  Y4 

Y7  | 

7 

10 

]  Y5 

GND  ( 

8 

9 

|  Y6 

FUNCTION  TABLE 


Inputs 

Outputs 

CS1  CS2  CS3 

A2  Al  AO 

Y0  Y1  Y2  Y3  Y4  Y6  Y6  Y7 

X      X  H 
X      H  X 
L      X  X 

XXX 
XXX 
XXX 

r  HHHHHHH 
HHHHHHHH 
HHHHHHHH 

I  I  X  I 

L    L  L 
L    L  H 
L   H  L 
L   H  H 

LHHHHHHH 
HLHHHHHH 
HHLHHHHH 
HHHLHHHH 

H      L  L 
H      L  L 
H      L  L 
H      L  L 

H    L  L 
H    L  H 
H   H  L 
H   H  H 

HHHHLHHH 
HHHHHLHH 
HHHHHHLH 
HHHHHHHL 

H  =  high  level  (steady  state) 
L=  low  level  Isteady  state) 
X=  don't  care 
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MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

VCC 

UL  bupply  voltage  ineterenced  to  unuj 

—  u.o  to  +  /.U 

Vin 

DC  Input  Voltage  (Referenced  to  GND) 

—  1 .0  to  VCC  +  1-0 

V 

Vout 

DC  Output  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc +  0.5 

V 

"in 

DC  Input  Current,  per  Pin 

±20 

mA 

'out 

DC  Output  Current,  per  Pin 

±25 

mA 

ice 

DC  Supply  Current,  Vcc  and  GND  pins 

=  50 

mA 

PD 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DiPt 
SOIC  Package! 

750 
500 

mW 

Tstq 

Storage  Temperature 

-65  to  +150 

°C 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package! 

(Ceramic  DIP) 

260 
300 

°C 

•Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
TDerating  -  Plastic  DIP:  -  10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  V[n  and 
Vout  should  be  constrained  to  the 
range  GND  <{Vjn  or  Vout)<VCC. 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  VcC'-  Unused 
outputs  must  be  left  open. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

VCC 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°C 

tr.tf 

Input  Rise  and  Fall  Time                          Vcc  =  2.0  V 
(Figure  2)                                          VCC  =  4.5V 

VCC  =  6.0  V 

0 
0 
0 

1000 
500 
400 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 


Symbol 

Parameter 

Test  Conditions 

vCc 
v 

Guaranteed  Limit 

Unit 

25°C  to 
-SS°C 

<85°C 

<125°C 

V|H 

Minimum  High-Level  Input 
Voltage 

Vout  =  0.1  Vor  VCC  "0.1  V 
lloutl  S20  ^ 

2.0 
4.5 
6.0 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

V 

V|L 

Maximum  Low-Level  Input 
Voltage 

Vout  =  0.1  Vor  VCC -0.1  V 
|lout|<20MA 

2.0 
4.5 
6.0 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

V 

VOH 

Minimum  High-Level  Output 
Voltage 

Vin  =  V|H  or  V,L 

2.0 
4.5 
6.0 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

V 

Vin  =  V|HorV|L  |lout|s4.0mA 
lout|<5.2  mA 

4.5 
6.0 

3.98 
5.48 

3.84 
5.34 

3.70 
5.20 

vol 

Maximum  Low-Level  Output 
Voltage 

Vin=V|H  or  V|L 
|lout|<20,,A 

2.0 
4.5 
6.0 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

V 

Vin  =  V|HorVIL  |lout|s4.0mA 
|lout|<5.2  mA 

4.5 
6.0 

0.26 
0.26 

0.33 
0.33 

0.40 
0.40 

lin 

Maximum  Input  Leakage  Current 

vin  =  vcc  or  GND 

6.0 

+  0.1 

+  1.0 

±1.0 

^A 

ice 

Maximum  Quiescent  Supply 
Current  (per  Package) 

Vin  =  VCC  O'  GND 
lout  =  0MA 

6.0 

8 

80 

160 

fA 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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AC  ELECTRICAL  CHARACTERISTICS  (CL  =  50  pF,  Input  tr-tf=6  ns] 


vcc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

25°C  to 
-55°C 

£85°C 

<125°C 

Unit 

'PLH 

Maximum  Propagation  Delay,  Input  A  to  Output  Y 
(Figures  1  and  4) 

2.0 
4.5 
6.0 

150 

30 
26 

190 
38 
33 

225 
45 
38 

ns 

'PHL 

2.0 
4.5 
6.0 

200 
40 
34 

250 
50 
43 

300 
60 
51 

'PLH. 
«PHL 

Maximum  Propagation  Delay,  CS1  to  Output  Y 
(Figures  2  and  4) 

2.0 
4.5 
6.0 

150 
30 
26 

190 
38 
33 

225 
45 
38 

ns 

'PLH 

Maximum  Propagation  Delay,  CS2  or  CS3  to  Output  Y 
(Figures  3  and  4) 

2.0 
4.5 
6.0 

150 
30 
26 

190 
38 
33 

225 
45 
38 

ns 

'PHL 

2.0 
4.5 
6.0 

175 
35 
30 

220 
44 

37 

265 
53 
45 

'TLH- 
'THL 

Maximum  Output  Transition  Time,  Any  Output 
(Figures  2  and  41 

2.0 
4.5 
6.0 

75 
15 
13 

95 
19 
16 

110 
22 
19 

ns 

Cin 

Maximum  Input  Capacitance 

10 

10 

10 

PF 

NOTES: 

1,  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


CPD 

Power  Dissipation  Capacitance  (Per  Package) 

Typical  @  25°C,  Vcc  =  5.0  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 
PD  =  CpD  Vcc2*  +  ice  Vcc 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

55 

pF 

SWITCHING  WAVEFORMS 


FIGURE  1 


FIGURE  2 
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FIGURE  4  -  TEST  CIRCUIT 
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*  Includes  all  probe  and  |ig  capacitance 
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PIN  DESCRIPTIONS 


ADDRESS  INPUTS 

AO,  A1,  A2  (PINS  1,  2,  3)  -  Address  inputs.  These  inputs,  when 
the  chip  is  selected,  determine  which  of  the  eight  outputs  is  active- 
low. 

CONTROL  INPUTS 

CS1,  CS2,  CS3  (PINS  6,  4,  5)  -  Chip  select  inputs.  For  CS1  at  a 
high  level  and  CS2,  CS3  at  a  low  level,  the  chip  is  selected  and  the 


outputs  follow  the  Address  inputs.  For  any  other  combination  of  CS1 , 
CS2,  and  CS3,  the  outputs  are  at  a  logic  high. 

OUTPUTS 

Y0-Y7  (PINS  15,  14,  13,  12,  11,  10,  9,  7)  -  Active-low  Decoded 
outputs.  These  outputs  assume  a  low  level  when  addressed  and  the 
chip  is  selected.  These  outputs  remain  high  when  not  addressed  or 
the  chip  is  not  s 


EXPANDED  LOGIC  DIAGRAM 


CS3 
CS2 


CS1 
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SEMICONDUCTOR 

TECHNICAL  DATA 


Dual  1-of-4  Decoder/ 
Demultiplexer 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC139  is  identical  in  pinout  to  the  LS139.  The  device  inputs  are 
compatible  with  standard  CMOS  outputs;  with  pullup  resistors,  they  are  compatible 
with  LSTTL  outputs. 

This  device  consists  of  two  independent  1-of-4  decoders,  each  of  which  decodes 
a  two-bit  Address  to  one-of-four  active-low  outputs.  Active-low  Selects  are  pro- 
vided to  facilitate  the  demultiplexing  and  cascading  functions.  The  demultiplexing 
function  is  accomplished  by  using  the  Address  inputs  to  select  the  desired  device 
output,  and  utilizing  the  Select  as  a  data  input. 

•  Output  Drive  Capability:  10  LSTTL  Loads 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1  /tA 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  100  FETs  or  25  Equivalent  Gates 


LOGIC  DIAGRAM 


Selecta 


Address 
Inputs 


A0b 
Alb 


Selectb 


14 

12 

13 

11 

10 

9 

«  V 

Pin  16  =  Vcc 
Pin  8  =  GND 

MC54/74HC139 


J  SUFFIX 

CERAMIC 
CASE  620 

|            N  SUFFIX 
PLASTIC 
CASE  648 

D  SUFFIX 

SOIC 
CASE  751 

ORDERING  INFORMATION 

MC74HCXXXN  Plastic 
MC64HCXXXJ  Ceramic 
MC74HCXXXD  SOIC 

T^=  -55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 

PIN  ASSIGNMENT 
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Ala 
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Via 
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Y2a 

c 

6 

11 

1  Y1b 

Y3a 

c 
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GND 

c 
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1  Y3b 

FUNCTION  TABLE 


Y0b 

Inputs 

Outputs 

Select 

A1 

AO 

Y0 

Y1  Y2 

Y3 

Y'b 

Active-Low 

H 

X 

X 

H 

H  H 

H 

Y2b 

Outputs 

L 

L 

L 

L 

H  H 

H 

L 

L 

H 

H 

L  H 

H 

Y3b 

L 

H 

L 

H 

H  L 

H 

L 

H 

H 

H 

H  H 

L 

X  =  don't  care 


MOTOROLA  HIGH-SPEED  CMOS  LOGIC  DATA 

5-136 


MC54/74HC139 


MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GNDI 

-0.5  to  +7.0 

V 

Vin 

DC  Input  Voltage  (Referenced  to  GNDI 

-1.5  to  Vcc  +  1.5 

V 

Vout 

DC  Output  Voltage  (Referenced  to  GNDI 

-0.5  to  Vcc +  0.5 

V 

l;„ 

'in 

DC  I nput  Cu  rrent  per  Pin 

+  20 

'out 

DC  Output  Current,  per  Pin 

±25 

mA 

ice 

DC  Supply  Current,  Vcc  and  GND  pins 

±50 

mA 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tstfl 

Storage  Temperature 

-65  to  +150 

°C 

tl 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°c 

*  Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
TDerating  -  Plastic  DIP:  -10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -  10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjnand 
Vout  should  be  constrained  to  the 
range  GND<(Vin  or  Vout)<VCC. 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  Vcc)-  Unused 
outputs  must  be  left  open. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GNDI 

2.0 

6.0 

V 

vin-vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

vcc 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

tf.  tf 

Input  Rise  and  Fall  Time                          Vcc  =  2.0  V 
(Figure  1)                                             VCC  =  4.5  V 

VCC  =  6.0  V 

0 
0 
0 

1000 
500 
400 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 


Symbol 

Parameter 

Test  Conditions 

vcc 

V 

Guaranteed  Limit 

Unit 

25°C  to 
-55°C 

<8S°C 

<125°C 

V|H 

Minimum  High-Level  Input 
Voltage 

Vout=0.1  Vor  Vcc-0.1  V 
|lout|<20^A 

2.0 
4.5 
6.0 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

V 

V|L 

Maximum  Low-Level  Input 
Voltage 

Vou,  =  0.1  Vor  VCC -0.1  V 
flout]  s2Q*iA 

2.0 
4.5 
6.0 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

V 

VOH 

Minimum  High-Level  Output 
Voltage 

Vin  =  V|H  <=r  V,L 
|lou,!s20^A 

2.0 
4.5 
6.0 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

V 

Vin  =  V|H  °r  V|L  |lout|<4.0mA 
|lout|<5.2  mA 

4.5 
6.0 

3.98 
5.48 

3.84 
5.34 

3.70 
5.20 

vol 

Maximum  Low- Level  Output 
Voltage 

vin  =  V|H  or  V|L 
|lolJt|<20/<A 

2.0 
4.5 
6.0 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

V 

V|n  =  V|HorV|L  |lout|<4.0mA 
lout|<5.2  mA 

4.5 
6.0 

0.26 
0.26 

0.33 
0.33 

0.40 
0.40 

lin 

Maximum  Input  Leakage  Current 

V|n  =  VcC  or  GND 

6.0 

±0.1 

±1.0 

±1.0 

„A 

ice 

Maximum  Quiescent  Supply 
Current  (per  Package) 

V|n  =  Vce  or  GND 
lout  =  0MA 

6.0 

8 

80 

160 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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AC  ELECTRICAL  CHARACTERISTICS  (CL  =  50  pF,  Input  tr  =  t(  =  6  ns} 


Vcc 
V 

Gu 

iranteed  Limit 

Symbol 

Parameter 

25°C  to 

<85°C 

<125°C 

Unit 

-66°C 

'PLH. 

Maximum  Propagation  Delay,  Select  to  Output  Y 

2.0 

150 

190 

225 

ns 

•PHL 

(Figures  1  and  3) 

4.5 

30 

38 

45 

6.0 

26 

33 

38 

tPLH. 

Maximum  Propagation  Delay,  Input  A  to  Output  Y 

2.0 

150 

190 

225 

ns 

tPHL 

(Figures  2  and  31 

4.5 

30 

38 

45 

6.0 

26 

33 

38 

•tlh. 

Maximum  Output  Transition  Time,  Any  Output 

2.0 

75 

95 

110 

ns 

Thl 

(Figures  1  and  3) 

4.5 

15 

19 

22 

6.0 

13 

16 

19 

Cin 

Maximum  Input  Capacitance 

10 

10 

10 

NOTES: 

1.  For  propagation  delays  with  toads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


CPD 

Power  Dissipation  Capacitance  (Per  Decoder) 

Typical  @  25-C.  VCC  =  5  0  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 

Pd=Cpd  Vcc2' + ice  vcc 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 
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SWITCHING  WAVEFORMS 


FIGURE  1 


FIGURE  2 
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FIGURE  3  -  TEST  CIRCUIT 
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PIN  DESCRIPTIONS 


ADDRESS  INPUTS 

A0a,  A1a,  A0b,  A1b  (PINS  2,  3,  14,  13)  -  Address  inputs. 
These  inputs,  when  the  respective  1-of-4  deccder  is  enabled, 
determine  which  of  its  four  active-low  outputs  is  selected. 

CONTROL  INPUTS 

Selecta,  Selectb  (PINS  1,  15)  —  Active-low  select  inputs. 
For  a  low  level  on  this  input,  the  outputs  for  that  particular 


decoder  follow  the  Address  inputs.  A  high  level  on  this  input 
forces  all  outputs  to  a  high  level. 

OUTPUTS 

Y0a-Y3a,  Y0b-Y3b  (PINS  4-7,  12,  11,  10,  9)  -  Active-low 
outputs.  These  outputs  assume  a  low  level  when  addressed 
and  the  appropriate  Select  input  is  active.  These  outputs 
remain  high  when  not  addressed  or  the  appropriate  Select 
input  is  inactive. 


EXPANDED  LOGIC  DIAGRAM 
( V,  OF  DEVICEI 


Select 


Y3 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL  DATA 


Advance  Information 
Decimal-to-BCD  Encoder 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC147  is  identical  in  pinout  to  the  LS147.  The  device  inputs  are 
compatible  with  standard  CMOS  outputs;  with  pullup  resistors,  they  are  compatible 
with  LSTTL  outputs. 

This  device  encodes  nine  active-low  data  inputs  to  four  active-low  BCD  Address 
Outputs,  ensuring  that  only  the  highest  order  active  data  line  is  encoded.  The  im- 
plied decimal  zero  condition  is  encoded  when  all  nine  data  inputs  are  at  a  high  level 
(inactive). 

•  Output  Drive  Capability:  10  LSTTL  Loads 

•  Outputs  Directly  Interface  to  CMOS.  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  136  FETs  or  34  Equivalent  Gates 


LOGIC  DIAGRAM 


a 


Decimal 
Data  Inputs 
(Active-Low) 


Vcc=  Pm  16 
GND=Pin8 

No  Connections  Pin  15 


MC54/74HC147 


J  SUFFIX 
CERAMIC 
CASE  620 


N  SUFFIX 
PLASTIC 
CASE  648 


D  SUFFIX 

SOIC 
CASE  751 


ORDERING  INFORMATION 

MC74HCXXXN  Plastic 
MC54HCXXXJ  Ceramic 
MC74HCXXXD  SOIC 

Ta=  -55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 


PIN  ASSIGNMENT 


NC=  No  Connection 


FUNCTION  TABLE 


Inputs 

Outputs 

D9  D8  D7  D6  D5  D4  D3  D2  D1 

A3  A2  A1  AO 

HHHHHHHHH 
HHHHHHHHL 
HHHHHHHLX 
HHHHHHLXX 
HHHHHLXXX 
HHHHLXXXX 
HHHLXXXXX 
HHLXXXXXX 
HLXXXXXXX 
LXXXXXXXX 

H    H    H  H 
H    H    H  L 
H    H     L  H 
H    H    L  L 
H    L    H  H 
H    L    H  L 
H    L     L  H 
H    L     L  L 
L    H    H  H 
L    H    H  L 

This  document  contains  information  on  a  new  product.  Specifications  and  information  herein  are  subject  to  change  without  notice. 
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MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

VCC 

DC  Supply  Voltage  (Referenced  to  GND) 

-0.5  to  +7.0 

V 

vin 

DC  Input  Voltage  (Referenced  to  GND) 

-  1 .5  to  Vcc  + 1  -5 

V 

V0ut 

DC  Output  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc +  0.5 

V 

lift 

DC  Input  Current,  per  Pin 

+  20 

mA 

'out 

DC  Output  Current,  per  Pin 

±25 

mA 

CC 

DC  Supply  Current,  Vcc  and  GND  Pins 

±50 

mA 

PD 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tstg 

Storage  Temperature 

-65  to  +150 

•c 

TL 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°C 

*Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
.Derating  -  Plastic  DIP:  -10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjn  and 
Vout  should  be  constrained  to  the 
range  GND  <(Vjn  or  V0Ut)<VCC- 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  Vcc)-  Unused 
outputs  must  be  left  open. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

vcc 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

tr.  tf 

Input  Rise  and  Fall  Time                          Vcc  =  2.0  V 
(Figure  1)                                          VCc  =  1.5V 

VCC  =  6.0  V 

0 
0 
0 

1000 
500 
400 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 


Symbol 

Parameter 

Test  Conditions 

vcc 

V 

Guaranteed  Limit 

Unit 

25°  C  to 
-55°C 

<85°C 

S125°C 

V|H 

Minimum  High-Level  Input 
Voltage 

Vout=0.1  Vor  Vcc-0.1  V 
|lout|s20  „A 

2.0 
4.5 
6.0 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

V 

VlL 

Maximum  Low-Level  Input 
Voltage 

Vout  =  0.1  Vor  Vcc-0.1  V 
|lout!s20„A 

2.0 
4.5 
6.0 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

V 

VOH 

Minimum  High-Level  Output 
Voltage 

Vin  =  V|HorVIL 
|lout|s20,<A 

2.0 
4.5 
6.0 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

V 

Vin  =  V|HorV|L  |loutj<4.0mA 
|lout|<5.2  mA 

4.5 
6.0 

3.98 
5.48 

3.84 
5.34 

3.70 
5.20 

vol 

Maximum  Low-Level  Output 
Voltage 

Vin  =  V|H  or  V|L 
|loutl<20,,A 

2.0 
4.5 
6.0 

0.1 

0.1 
0.1 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

V 

Vin  =  V|HorV|L  |!out|<4.0mA 
|lout|<5.2  mA 

4.5 
6.0 

0.26 
0.26 

0.33 
0.33 

0.40 
0.40 

lin 

Maximum  Input  Leakage  Current 

Vin  =  VcC  or  GND 

6.0 

±0.1 

±1.0 

±10 

ice 

Maximum  Quiescent  Supply 
Current  (per  Package) 

Vin  =  VCC  °r  GND 
lout  =  °  eA 

6.0 

8 

80 

160 

«A 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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AC  ELECTRICAL  CHARACTERISTICS  [CL  =  50  pF,  Input  tr  =  tf  =  6  ns) 


vCc 

Guaranteed  Li 

mit 

Symbol 

Parameter 

25°C  to 

Unit 

y 

s85°C 

<125°C 

tPLH. 

Maximum  Propagation  Delay,  Input  D  to  Output  A 

2.0 

220 

275 

330 

ns 

»PHL 

(Figures  1  and  2) 

4.5 

44 

55 

66 

6.0 

37 

47 

56 

TLH- 

Maximum  Output  Transition  Time,  Any  Output 

2.0 

75 

95 

110 

ns 

'THL 

(Figures  1  and  21 

4.5 

15 

19 

22 

6.0 

13 

16 

19 

Cin 

Maximum  Input  Capacitance 

10 

10 

10 

pF 

NOTES: 

1.  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


Cpo 

Power  Dissipation  Capacitance  (Per  Package) 

Typical  @  25°C.  Vcc  =  5.0  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 

PD  =  CpD  vCC2f  +  'cc  Vcc 

35 

PF 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

Figure  1.  Switching  Waveforms  Figure  2.  Test  Circuit 
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EXPANDED  LOGIC  DIAGRAM 
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8-lnput  Data  Selector/ 
Multiplexer 

High-Performance  Silicon-Gate  CMOS 

The  MC54774HC151  is  identical  in  pinout  to  the  LS151.  The  device  inputs  are 
compatible  with  standard  CMOS  outputs;  with  pullup  resistors,  they  are  compatible 
with  LSTTL  outputs. 

This  device  selects  one  of  the  eight  binary  Data  Inputs,  as  determined  by  the  Ad- 
dress Inputs.  The  Strobe  pin  must  be  at  a  low  level  for  the  selected  data  to  appear 
at  the  outputs.  If  Strobe  is  high,  the  Y  output  is  forced  to  a  low  level  and  the  Y 
output  is  forced  to  a  high  level. 

The  HC151  is  similar  in  function  to  the  HC251  which  has  3-state  outputs. 

•  Output  Drive  Capability:  10  LSTTL  Loads 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  132  FETs  or  33  Equivalent  Gates 


J  SUFFIX 
CERAMIC 
CASE  620 


N  SUFFIX 
PLASTIC 
CASE  648 


D  SUFFIX 

SOIC 
CASE  751 


ORDERING  INFORMATION 

MC74HCXXXN  Plastic 
MC54HCXXXJ  Ceramic 
MC74HCXXXD  SOIC 

TA=  -55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 


LOGIC  DIAGRAM 


Data 
Outputs 


Pin  16  =  Vrx 
Pin  8=  GND 


PIN  ASSIGNMENT 

eh  vcc 


FUNCTION  TABLE 


Inputs 

Outputs 

A2 

A1 

AO 

Strobe 

Y  Y 

X 

X 

X 

H 

L  H 

L 

L 

L 

L 

DO  DO 

L 

L 

H 

L 

D1  D1 

L 

H 

L 

L 

D2  D2 

L 

H 

H 

L 

D3  D3 

H 

L 

L 

L 

D4  D4 

H 

L 

H 

L 

D5  D5 

H 

H 

L 

L 

D6  DB 

H 

H 

H 

L 

D7  D7 

DO,  D1.  .  .D7=the  level  of  the  respective  D  input 
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MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

-0.5  to  +7.0 

V 

Vin 

DC  Input  Voltage  (Referenced  to  GND) 

-1.5  to  Vcc +  1-5 

V 

V0ut 

DC  Output  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc +0.5 

V 

'in 

DC  Input  Current,  per  Pin 

±20 

mA 

'out 

uutput  current,  per  nn 

+  25 

ice 

DC  Supply  Current,  Vcc  and  GND  Pins 

±50 

mA 

pd 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPf 
SOIC  Packaget 

750 
500 

mW 

Tsta 

Storage  Temperature 

-65  to  +  150 

°c 

Tl 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°C 

*  Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
TDerating  -  Plastic  DIP:  -10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -  10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjn  and 
Vout  should  be  constrained  to  the 
range  GND<(Vin  or  Vout><VCC. 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  Vcc*-  Unused 
outputs  must  be  left  open. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

vcc 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

tr,  tf 

Input  Rise  and  Fall  Time                        Vcc  =  2.0  V 
(Figure  1)                                          VCc  =  4.5  V 

VCC  =  6.0  V 

0 
0 
0 

1000 
500 
400 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 


Symbol 

Parameter 

Test  Conditions 

vcc 

V 

Guaranteed  Limit 

Unit 

2S°C  to 
-55°C 

<85°C 

<125°C 

V|H 

Minimum  High-Level  Input 
Voltage 

Vout  =  0.1  Vor  Vcc-0.1  V 
|lout|<20pA 

2.0 
4.5 
6.0 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

V 

VlL 

Maximum  Low-Level  Input 
Voltage 

Vout  =  0.1  V  or  Vcc-0.1  V 
|lout|<20,»A 

2.0 
4.5 
6.0 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

V 

V0H 

Minimum  High-Level  Output 
Voltage 

Vin  =  VtH  or  V|L 
lloutl^OM 

2.0 
4.5 
6.0 

1.9 
4.4 
5.9 

1.9 
4.4 

5.9 

1.9 
4.4 
5.9 

V 

Vin  =  V|HorV|L  |lout|<4.0mA 
|lout|s5.2  mA 

4.5 
6.0 

3.98 
5.48 

3.84 
5.34 

3.70 
5.20 

vol 

Maximum  Low-Level  Output 
Voltage 

Vin  =  V|H  or  V|L 
|lout|s20,<A 

2.0 
4.5 
6.0 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

V 

Vin  =  V|H  or  V|L  |lout|<4.0mA 
|lout|s5.2  mA 

4.5 
6.0 

0.26 
0.26 

0.33 
0.33 

0.40 
0.40 

'in 

Maximum  Input  Leakage  Current 

Vin  =  VCC  or  GND 

6.0 

±0.1 

±1.0 

±1.0 

/"A 

ice 

Maximum  Quiescent  Supply 
Current  (per  Package) 

Vin  =  Vcc  or  GND 
lout  =  0>A 

6.0 

8 

80 

160 

("A 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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AC  ELECTRICAL  CHARACTERISTICS  ICL  =  50  pF,  Input  t,  =  tf  =  6  ns) 


VCC 
V 

Guaranteed  Limit 

Symbol 

Parameter 

25°  C  to 

£85°C 

<125°C 

Unit 

-55°C 

tp|_H- 

Maximum  Propagation  Delay,  Input  D  to  Output  Y  or  Y 

2.0 

185 

230 

280 

ns 

tPHL 

I  Figures  1,  3  and  61 

4.5 

37 

46 

56 

6.0 

31 

39 

48 

tp[_H- 

Maximum  Propagation  Delay,  Input  A  to  Output  Y  or  Y 

2.0 

205 

255 

310 

ns 

<PHL 

(Figures  2  and  6) 

4.5 

41 

51 

62 

6.0 

35 

43 

53 

tPLH. 

Maximum  Propagation  Delay,  Strobe  to  Output  Y  or  Y 

2.0 

125 

155 

190 

ns 

<PHL 

(Figures  4,  5  and  6) 

4.5 

25 

31 

38 

6.0 

21 

26 

32 

<TLH. 

Maximum  Output  Transition  Time,  Any  Output 

2.0 

75 

95 

110 

ns 

tTHL 

(Figures  1  and  6) 

4.5 

15 

19 

22 

6.0 

13 

16 

19 

Maximum  Input  Capacitance 

10 

10 

10 

pF 

NOTES: 

1.  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


Cpo 

Power  Dissipation  Capacitance  (Per  Package) 

Typical  @  25°C.  VCc  =  5  0V 

Used  to  determine  the  no-load  dynamic  power  consumption: 

PD  =  CPD  Vcc2f+lCC  VCC 

36 

pF 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

PIN  DESCRIPTIONS 


INPUTS 

DO,  D1,  .  .  .,  D7  (PINS  4,  3,  2,  1,  15,  14,  13,  12)  -  Data 
inputs.  Data  on  any  one  of  these  eight  binary  inputs  may  be 
selected  to  appear  on  the  output. 


STROBE  (PIN  7)  -  Strobe.  This  input  pin  must  be  at  a  low 
level  for  the  selected  data  to  appear  at  the  outputs.  If  the 
Strobe  pin  is  high,  the  Y  output  is  forced  to  a  low  level  and 
the  Y  output  is  forced  to  a  high  level. 


CONTROL  INPUTS 

AO,  A1,  A2  (PINS  11,  10,  9)  -  Address  inputs.  The  data 
on  these  pins  are  the  binary  address  of  the  selected  input  (see 
the  Function  Table). 


OUTPUTS 

Y,  Y  (PINS  5,  6)  -  Data  outputs.  The  selected  data  is 
presented_at  these  pins  in  both  true  (Y  output)  and  comple- 
mented (Y  output)  forms. 
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SWITCHING  WAVEFORMS 


Input  D 


j& — 

f50%  \ 
 =  f10%  5i 


<PLH- 


OutputY 


—  vcc 

  GND 


tTLH 


-'PHL 


H   k—  tTHL 


Input  A 


<PLH 


Output 
Y  or  Y 


FIGURE2 


Valid- 


-Valid- 


vcc 

GND 


50% 


-tpHL 


\ 


FIGURE  3 


Input  D 


tPHL- 


90% 
50% 
10% 


Output  Y 


tTHL- 


—  vcc 

  GND 


-tPLH 


i  90%  JC  

*  r50%  1 1 

VlQ%  / 

A    \-*—  — *l    U— lTLH 


FIGURE4 


Strobe  50%' 
10% 


IP 


90% 
50' 
10%. 


•IPLH 


VCC 
GND 


^TLH  - 


tTHL- 


-tPHL 


ft 


FIGURE  5 


— *j    [<— tf  — *|   J<— tr 

90%X  f 
Strobe    50%\  f 
10%  3V  / 


vcc 

GND 


-tPLH 


-'TLH 


FIGURE  6  —  TEST  CIRCUIT 


Test  Point 


*  Includes  all  probe  and  jig  capacitance. 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL  DATA 


Dual  4-lnput  Data  Selector/ 
Multiplexer 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC153  is  identical  in  pinout  to  the  LS153.  The  device  inputs  are 
compatible  with  standard  CMOS  outputs;  with  pullup  resistors,  they  are  compatible 
with  LSTTL  outputs. 

The  Address  Inputs  select  one  of  four  Data  Inputs  from  each  multiplexer.  Each 
multiplexer  has  an  active-low  Strobe  control  and  a  noninverting  output. 

The  HC153  is  similar  in  function  to  the  HC253,  which  has  3-state  outputs. 

•  Output  Drive  Capability:  10  LSTTL  Loads 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1  /iA 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  108  FETs  or  27  Equivalent  Gates 


LOGIC  DIAGRAM 


Data- 
Word  b 
Inputs 


MC54/74HC153 


J  SUFFIX 
CERAMIC 
CASE  620 

1 

N  SUFFIX 
PLASTIC 
CASE  648 

D  SUFFIX 

SOIC 
CASE  751 

ORDERING  INFORMATION 

MC74HCXXXN 
MC54HCXXXJ 
MC74HCXXXD 

Plastic 

Ceramic 

SOIC 

TA=  -55"  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 

PIN  ASSIGNMENT 

Strobe  a  I 


A1  [ 

D3; 

D2, 
D1a  0  5 

D0a  rj6 

Y, 

GND  d  8 


1  • 

2 


16  1  VCC 


]  Strobe  b 
]  AO 
]  D3b 
1  D2b 
1  D1b 
]  D0b 


Pin  16=Vcc 
Pin  8=  GND 


FUNCTION  TABLE 


Inputs 

Output 

A1 

AO 

Strotie 

Y 

X 

X 

H 

L 

L 

L 

L 

DO 

L 

H 

L 

D1 

H 

L 

L 

D2 

H 

H 

L 

D3 

DO,  D1,  D2,  and  D3=the  level  of 
the  respec- 
tive Data 
Input 
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MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

-0.5  to  +7.0 

V 

Vin 

DC  Input  Voltage  (Referenced  to  GND) 

-1.5  to  Vcc  +  1-5 

V 

Vout 

DC  Output  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc +0.5 

V 

'in 

DC  Input  Current,  per  Pin 

±20 

mA 

'out 

DC  Output  Current,  per  Pin 

±25 

mA 

'CC 

DC  Supply  Current,  Vcc  and  GND  pins 

±50 

mA 

PD 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tstq 

Storage  Temperature 

-65  to  +150 

°C 

TL 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°C 

*Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
tDerating  -  Plastic  DIP:  - 10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -10  mW/°C  from  100°  to  125°C 
SOIC  Package:  ~1  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
vottage  higher  than  maximuTn  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjn  and 
V0ut  should  be  constrained  to  the 
range  GND<(Vin  or  V0Ut)<VCC- 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  Vcc)-  Unused 
outputs  must  be  left  open. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

vcc 

V 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

if,  tf 

Input  Rise  and  Fall  Time                          Vcc  =  2.0V 
(Figure  1)                                          VCC  =  4.5V 

VCC  =  6.0  V 

.  0 
0 
0 

1000 
500 
400 

ns 

DC  ELEC1 

fRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 

Symbol 

Parameter 

Test  Conditions 

VCC 
V 

Guaranteed  Limit 

Unit 

25°C  to 

-sb^c 

<86°C 

s125°C 

V|H 

Minimum  High-Level  Input 
Voltage 

Vout  =  0.1  VorVcc-0.1  V 
|lout|=s20/iA 

2.0 

1.5 

1.5 
4.2 

3  15 
4.2 

V 

V|L 

Maximum  Low-Level  Input 
Voltage 

Vout  =  0.1  Vor  Vcc-0.1  V 
Houtl^O^A 

2.0 
4.5 
6.0 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

V 

VOH 

Minimum  High-Level  Output 
Voltage 

Vin  =  V|HorV|L 
|IOU,|<20^A 

2.0 
4.5 
6.0 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

V 

Vin  =  V|HorVIL  |lou,|<4.0mA 
|lout|<5.2  mA 

4.5 
6.0 

3.98 
5.48 

3.84 
5.34 

3.70 
5.20 

vol 

Maximum  Low-Level  Output 
Voltage 

Vin  =  V|H  or  VIL 
Houtls20„A 

2.0 
4.5 
6.0 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

V 

Vin  =  V|HorV|L  |lout|<4.0mA 
|lout|<5.2  mA 

4.5 
6.0 

0.26 
0.26 

0.33 
0.33 

0.40 
0.40 

■in 

Maximum  Input  Leakage  Current 

Vin  =  VCC  or  GND 

6.0 

±0.1 

±1.0 

±1.0 

«A 

'CC 

Maximum  Quiescent  Supply 
Current  (per  Package) 

Vin  =  Vcc  or  GND 
lout  =  0,iA 

6.0 

8 

80 

160 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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MC54/74HC153 


AC  ELECTRICAL  CHARACTERISTICS  (CL  =  50  pF,  Input  tr  =  tf  =  6  ns) 


Guaranteed  Limit 

Vcc 

Symbol 

Parameter 

25°C  to 

Unit 

-55°C 

s85°C 

tpi_H, 

Maximum  Propagation  Delay,  Input  D  to  Output  Y 

2.0 

140 

175 

210 

ns 

'PHL 

(Figures  1  and  4) 

4.5 

28 

35 

42 

6.0 

24 

30 

36 

<PLH. 

Maximum  Propagation  Delay,  Input  A  to  Output  Y 

2.0 

175 

220 

265 

ns 

»PHL 

(Figures  2  and  41 

4.5 

35 

44 

53 

6.0 

30 

37 

45 

tPLH- 

Maximum  Propagation  Delay,  Strobe  to  Output  Y 

2.0 

95 

120 

145 

ns 

*PHL 

(Figures  3  and  4) 

4.5 

19 

24 

29 

6.0 

16 

20 

25 

•tlh. 

Maximum  Output  Transition  Time,  Any  Output 

2.0 

75 

95 

110 

ns 

tTHL 

(Figures  1  and  4) 

4.5 

15 

19 

22 

6.0 

13 

16 

19 

Hn 

Maximum  Input  Capacitance 

10 

10 

10 

pF 

NOTES: 

1.  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


CPD 

Power  Dissipation  Capacitance  (Per  Multiplexer) 

Typical  @  25°C,  VCC  =  5.0  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 

pD  =  cPD  Vcc^+iCC  VCC 

31 

pF 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

SWITCHING  WAVEFORMS 


Figure  3  Figure  4.  Test  Circuit 


MOTOROLA  HIGH-SPEED  CMOS  LOGIC  DATA 
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DATA  INPUTS 

D0a-D3a.  D0b-D3b  (PINS  3.  4,  5,  6, 10, 11, 12, 13)  -  Data 
Inputs.  With  the  outputs  enabled,  the  addressed  Data  Inputs 
appear  at  the  Y  outputs. 

CONTROL  INPUTS 

AO,  A1  (PINS  2,  14)  -  Address  Inputs.  These  inputs 
address  the  pair  of  Data  Inputs  which  appear  at  the 
corresponding  outputs. 


STROBE  (PINS  1,  15)  -  Active-low  Strobe.  A  low  level 
applied  to  these  pins  enables  the  corresponding  outputs. 

OUTPUTS 

Ya,  Yb  (PINS  7,  9)  -  Noninverting  data  outputs. 


EXPANDED  LOGIC  DIAGRAM 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL  DATA 


1  -of-1 6  Decoder/Demultiplexer 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC154  is  identical  in  pinout  to  the  LS154.  The  device  inputs  are 
compatible  with  standard  CMOS  outputs;  with  pullup  resistors,  they  are  compatible 
with  LSTTL  outputs. 

This  device,  when  enabled,  selects  one  of  16  active-low  outputs.  Two  active-low 
Chip  Selects  are  provided  to  facilitate  the  chip-select,  demultiplexing,  and  cascading 
functions.  When  either  Chip  Select  is  high,  all  outputs  are  high.  The  demultiplexing 
function  is  accomplished  by  using  the  Address  inputs  to  select  the  desired  device 
output.  Then,  while  holding  one  chip  select  input  low,  data  can  be  applied  to  the 
other  chip  select  input  (see  Application  Note). 

The  HC154  is  primarily  used  for  memory  address  decoding  and  data  routing 
applications. 

•  Output  Drive  Capability:  10  LSTTL  Loads 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1  fiA 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  192  FETs  or  48  Equivalent  Gates 


LOGIC  DIAGRAM 


MC54/74HC154 


J  SUFFIX 
CERAMIC 
CASE  758 


ORDERING  INFORMATION 

MC74HCXXXN  Plastic 
MC54HCXXXJ  Ceramic 
MC74HCXXXDW  SOIC 

Ta=  -55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 


PIN  ASSIGNMENT 
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MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

-0.5  to  +7.0 

V 

vin 

DC  Input  Voltage  (Referenced  to  GNDI 

-1.5  to  Vqc  +  1-5 

V 

Vout 

DC  Output  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc +  0.5 

V 

■in 

DC  Input  Current,  per  Pin 

±20 

mA 

'out 

DC  Output  Current,  per  Pin 

±25 

mA 

!CC 

DC  Supply  Current,  Vcc  and  GND  Pins 

±50 

mA 

PD 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tsta 

Storage  Temperature 

-65  to  +150 

°C 

TL 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°C 

*  Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
tDerating  -  Plastic  DIP:  - 10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -  10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjn  and 
Vout  should  be  constrained  to  the 
range  GND<(Vjn  or  V0Ut)<Vcc- 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  Vcc'-  Unused 
outputs  must  be  left  open. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin^out 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

vcc 

V 

Operating  Temperature,  Alt  Package  Types 

-55 

+  125 

°c 

tr.  tf 

Input  Rise  and  Fall  Time                          Vcc  =  2.0  v 
(Figure  2)  VCC=4.5V 

VCC  =  6.0  V 

0 
0 
0 

1000 
500 
400 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 


vcc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

Test  Conditions 

25°  C  to 
-55°C 

s85»C 

s125°C 

Unit 

V|H 

Minimum  High-Level  Input 
Voltage 

Vout  =  0.1  Vor  VCC 
[lout|  <20  nA 

-0.1  V 

2.0 
4.5 
6.0 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

1.5 
'  3.15 
4.2 

V 

V|L 

Maximum  Low-Level  Input 
Voltage 

Vout  =  0.1  Vor  VCC 
|lout|s20^ 

-0.1  V 

2.0 
4.5 
6.0 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

V 

VOH 

Minimum  High-Level  Output 
Voltage 

Vin  =  V|H  or  V|L 
|lout|<20^A 

2.0 
4.5 
6.0 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

V 

Vin  =  V|H  or  V|L 

|lout|<4.0  mA 
[I0ut|s5.2  mA 

4.5 
6.0 

3.98 
5.48 

3.84 
5.34 

3.70 
5.20 

vol 

Maximum  Low-Level  Output 
Voltage 

Vin  =  V|H  or  V|L 
|lout|<20(IA 

2.0 
4.5 
6.0 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

V 

Vin  =  V|HorV|L 

|lout|<4.0  mA 
|lout|<5.2  mA 

4.5 
6.0 

0.26 
0.26 

0.33 
0.33 

0.40 
0.40 

'in 

Maximum  Input  Leakage  Current 

Vin  =  Vcc  oi-GND 

6.0 

±0.1 

+  1.0 

+  1.0 

«A 

ice 

Maximum  Quiescent  Supply 
Current  (per  Package) 

Vin  =  VCC  °'  GND 
lout  =  0  fA 

6.0 

8 

80 

160 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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AC  ELECTRICAL  CHARACTERISTICS  (CL  =  50  pF,  Input  tr  =  tf  =  6  ns) 


vCc 

Guaranteed  Limit 

Symbol 

Parameter 

25°C  to 

<125°C 

Unit 

y 

—  56°C 

<8S°C 

tPLH' 

Maximum  Propagation  Delay,  input  A  to  Output  Y 

2.0 

190 

240 

285 

ns 

«PHL 

(Figures  1  and  3) 

4.5 

38 

48 

57 

6.0 

32 

41 

48 

tPLH- 

Maximum  Propagation  Delay,  CS  to  Output  Y 

2.0 

175 

220 

265 

ns 

tPHL 

(Figures  2  and  3) 

4.5 

35 

44 

53 

6.0 

30 

37 

45 

«TLH. 

Maximum  Output  Transition  Time,  Any  Output 

2.0 

75 

95 

110 

ns 

tTHL 

(Figures  2  and  3) 

4.5 

15 

19 

22 

6.0 

13 

16 

19 

Cin 

Maximum  Input  Capacitance 

10 

10 

10 

pF 

NOTES: 

1 .  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


Cpo 

Power  Dissipation  Capacitance  (Per  Package) 

Typical  @  25°C.  VCC  =  5  0  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 
PO  =  Cpo  Vcc2f+!CC  VCC 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

80 

pF 

PIN  DESCRIPTIONS 


INPUTS 

AO,  A1,  A2,  A3  (PINS  23.  22,  21.  20)  -  Address  inputs. 
These  inputs,  when  the  1-of-16  decoder  is  enabled,  determine 
which  of  its  sixteen  active-low  outputs  is  selected. 

OUTPUTS 

Y0-Y15  (PINS  1-11,  13-17)  -  Active-low  outputs.  These 
outputs  assume  a  low  level  when  addressed  and  both  chip- 


select  inputs  are  active.  These  outputs  remain  high  when  not 
addressed  or  a  chip-select  input  is  high. 

CONTROL  INPUTS 

CS1,  CS2  (PINS  18,  19)  -  Active-low  chip-select  inputs. 
With  low  levels  on  both  of  these  inputs,  the  outputs  of  the 
decoder  follow  the  Address  inputs.  A  high  level  on  either  input 
forces  all  outputs  high. 


FUNCTION  TABLE 


INPUTS 

OUTPUTS 

CS1  CS2 

A3 

A2 

A1 

AO 

Y0 

Y1 

Y2 

Y3 

Y4 

Y5 

Y6 

Y7 

Y8 

Y9 

Y10  Y11 

Y12  Y13  Y14  Y15 

L 

L 

L 

L 

L 

L 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

L 

L 

L 

L 

H 

H 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

L 

L 

L 

H 

L 

H 

H 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

L 

L 

L 

H 

H 

H 

H 

H 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

L 

L 

H 

L 

L 

H 

H 

H 

H 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

L 

L 

H 

L 

H 

H 

H 

H 

H 

H 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

L 

L 

H 

H 

L 

H 

H 

H 

H 

H 

H 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

L 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

H 

H 

H 

H 

H 

H 

H 

H 

L 

L 

H 

L 

L 

L 

H 

H 

H 

H 

H 

H 

H 

H 

L 

H 

H 

H 

H 

H 

H 

H 

L 

L 

H 

L 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

H 

H 

H 

H 

H 

H 

L 

L 

H 

L 

H 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

H 

H 

H 

H 

H 

L 

L 

H 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

H 

H 

H 

H 

L 

L 

H 

H 

L 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

H 

H 

H 

L 

L 

H 

H 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

H 

H 

L 

L 

H 

H 

H 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

H 

L 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

L 

H 

X 

X 

X 

X 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

X 

X 

X 

X 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

X 

X 

X 

X 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H  =  High  Level,  L=  Low  Level,  X=  Don't  Care 
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*  VALID 


XL 


GND 


9014' 

CS1  OR  CS2  50% 


— H  h*— if  — H  K-|r 

io%\  y 

50%JE  3L 
10%  *  / 


-  <PHL 


\ 


Figure  1 


OUTPUT  Y 


'PHL 


VCC 
GND 


Figure  2 


TEST  POINT 


•Includes  all  probe  and  jig  capacitance. 


Figure  3.  Test  Circuit 


TYPICAL  APPLICATIONS 


"'PLH 


 \  9°%  f 

— H   U—  'THL  — *l  r" 


■  tTLH 


STROBE 


1  OF  16  DECODER 
SELECTED  OUTPUT  IS  LOW 


DATA  INPUT 


1  OF  16  DEMULTIPLEXER 
SELECTED  OUTPUT'S  LOGIC  LEVEL 
FOLLOWS  LOGIC  LEVEL  ON  DATA  INPUT 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL  DATA 


Quad  2-lnput  Data  Selectors/ 
Multiplexers 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC157  and  HC158  are  identical  in  pinout  to  the  LS157  and  LS158. 
The  device  inputs  are  compatible  with  standard  CMOS  outputs;  with  pullup  resis- 
tors, they  are  compatible  with  LSTTL  outputs. 

These  devices  route  2  nibbles  (A  or  B)  to  a  single  port  (Yl  as  determined  by  the 
Select  input.  The  data  is  presented  at  the  outputs  in  noninverted  form  for  the 
HC157  and  inverted  form  for  the  HC158.  A  high  level  on  the  Output  Enable  input 
sets  all  four  Y  outputs  to  a  low  level  for  the  HC157  and  a  high  level  for  the  HC158. 

The  HC157  is  similar  in  function  to  the  HC257  which  has  3-state  outputs. 

•  Output  Drive  Capability:  10  LSTTL  Loads 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1  ntK 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  82  FETs  or  20.5  Equivalent  Gates  (HC157) 

74  FETs  or  18.5  Equivalent  Gates  (HC158) 


LOGIC  DIAGRAM 


HC1 57-NONINVERTING  OUTPUTS 
HC 1 58— INVERTING  OUTPUTS 


MC54/74HC157 
MC54/74HC158 


J  SUFFIX 
CERAMIC 
CASE  620 


N  SUFFIX 
PLASTIC 
CASE  648 


D  SUFFIX 

SOIC 
CASE  751 


ORDERING  INFORMATION 

MC74HCXXXN  Plastic 
MC54HCXXXJ  Ceramic 
MC74HCXXXD  SOIC 

TA=  -55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 


PIN  ASSIGNMENT 


SELECT [ 
A0[ 
B0[ 
Y0[ 
A1[ 
Ml 
Y1[ 
GND[  8 


1  • 

2 
3 
4 
S 


16  ]VCC 


]  OUTPUT  ENABLE 
1*3 
]B3 


15 
14 
13 
12  pY3 
11  ]A2 
10  ]B2 
9  ]Y2 


FUNCTION  TABLE 


Inputs 

Outputs  Y0-Y3 

Output 
Enable 

Select 

HC157 

HC158 

H 

X 

L 

H 

L 

L 

A0-A3 

A0-A3 

L 

H 

B0-B3 

B0-B3 

X  =  don't  care 

A0-A3,  B0-B3  =  the  levels  of  the  respective 
Data-Word  Inputs. 
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MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

-0.5  to  +7.0 

V 

Vin 

DC  Input  Voltage  (Referenced  to  GND) 

-  1.5  to  Vcc +  1-5 

V 

Vout 

DC  Output  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc +  0.5 

V 

III, 

DC  Input  Current,  per  Pin 

±20 

mA 

'out 

DC  Output  Current,  per  Pin 

±25 

mA 

'CC 

DC  Supply  Current,  Vcc  and  GND  pins 

±50 

mA 

PD 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tsta 

Storage  Temperature 

-65  to  +150 

°C 

TL 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package] 
(Ceramic  DIP) 

260 
300 

°C 

*  Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
tDerating  -  Plastic  DIP:  -  10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjn  and 
Vout  should  be  constrained  to  the 
range  GND<(Vin  or  Vout)<Vcc- 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  Vcc--  Unused 
outputs  must  be  left  open. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

vcc 

V 

Ta 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

V  <f 

Input  Rise  and  Fall  Time                          VCc  =  2.0  V 
(Figure  11                                          VCC  =  4.5V 

VCC  =  6.0  V 

0 
0 
0 

1000 
500 
400 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 


Symbol 

Parameter 

Test  Conditions 

vcc 

V 

Guaranteed  Limit 

Unit 

25-C  to 
-56°C 

S86°C 

S126°C 

V|H 

Minimum  High-Level  Input 
Voltage 

Vout  =  0.1  VorVcc-0.1  V 
|lout|  £20 

2.0 
4.5 
6.0 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

V 

V|L 

Maximum  Low-Level  Input 
Voltage 

Vout  =  0.1  VorVcc-0.1  V 
|lout|<20^A 

2.0 
4.5 
6.0 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

V 

VOH 

Minimum  High-Level  Output 
Voltage 

Vin  =  V|HorV|L 
|lout|<20^ 

2.0 
4.5 
6.0 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

V 

Vin  =  V|HorV|L  |lout|<4.0mA 
|lout|<5.2  mA 

4.5 
6.0 

3.98 
5.48 

3.84 
5.34 

3.70 
5.20 

Vol 

Maximum  Low- Level  Output 
Voltage 

Vin  =  V|H  or  V,L 
lloutl^O/^ 

2.0 
4.5 
6.0 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

V 

Vin  =  V|H°rV|L  |loutls4.0mA 
|lout|55.2  mA 

4.5 

6.0 

0.26 
0.26 

0.33 
0.33 

0.40 
0.40 

'in 

Maximum  Input  Leakage  Current 

Vin  =  VCC  or  GND 

6.0 

±0.1 

±1.0 

±1.0 

eA 

■cc 

Maximum  Quiescent  Supply 
Current  (per  Package) 

Vin  =  VCC  or  GND 
lout  =  0^A 

6.0 

8 

80 

160 

/•A 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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AC  ELECTRICAL  CHARACTERISTICS  (CL  =  50pF,  Input  tr  =  tf  =  6ns) 


vCc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

25°  C  to 

<85°C 

-  125°C 

Unit 

-55°C 

•PLH. 

Maximum  Propagation  Delay,  Input  A  or  B  to  Output  Y 

2.0 

125 

155 

190 

ns 

lPHL 

ir;_, .»-,.  1    o    _n  j  -71 

Irigures  1,  z,  ana  /) 

4.5 

25 

31 

38 

6.0 

21 

26 

32 

tPLH. 

Maximum  Propagation  Delay,  Select  to  Output  Y 

2.0 

125 

155 

— / 

190 

ns 

'PHL 

(Figures  3  4  and  7) 

4.5 

25 

31 

38 

6.0 

21 

26 

32 

'PLH. 

Maximum  Propagation  Delay,  Output  Enable  to  Output  Y 

2.0 

115 

145 

175 

ns 

'PHL 

(Figures  5,  6,  and  7) 

4.5 

23 

29 

35 

6.0 

20 

25 

30 

«TLH. 

Maximum  Output  Transition  Time,  Any  Output 

2.0 

75 

95 

110 

ns 

'THL 

(Figures  1,  2,  and  7) 

4.5 

15 

19 

22 

6.0 

13 

16 

19 

Cin 

Maximum  Input  Capacitance 

10 

10 

10 

PF 

NOTES: 

1 .  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


CPD 

Power  Dissipation  Capacitance  (Per  Package) 

Typical  @  2S°C,  VCC  =  5.0V 

Used  to  determine  the  no-load  dynamic  power  consumption: 
PD  =  CpD  Vcc2' +  ICC  VCC 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

33  IHC157) 
35  (HC158) 

pF 

PIN  DESCRIPTIONS 

INPUTS 

Output  Enable  input  is  at  a  low  level.  The  data  present  on 
these  pins  is  in  its  noninverted  form  for  the  HC157and  inverted 
form  for  the  HC158.  For  the  Output  Enable  input  at  a  high 
level,  the  outputs  are  at  a  low  level  for  the  HC157  and  at  a 
high  level  for  the  HC158. 

CONTROL  INPUTS 

SELECT  (PIN  1)  —  Nibble  select.  This  input  determines  the 
data  word  to  be  transferred  to  the  outputs.  A  low  level  on  this 
input  selects  the  A  inputs  and  a  high  level  selects  the  B  inputs. 

OUTPUT  ENABLE  (PIN  15)  -  Output  Enable  input.  A  low 
level  on  this  input  allows  the  selected  input  data  to  be  presented 
at  the  outputs.  A  high  level  on  this  input  sets  all  outputs  to  a 
low  level  for  the  HC157  and  to  a  high  level  for  the  HC158. 


AO,  A1,  A2,  A3  (PINS  2,  5, 11, 14)  -  Nibble  A  inputs.  The 
data  present  on  these  pins  is  transferred  to  the  outputs  when 
the  Select  input  is  at  a  low  level  and  the  Output  Enable  input 
is  at  a  low  level.  The  data  is  presented  to  the  outputs  in 
noninverted  form  for  the  HC157  and  inverted  form  for  the 
HC158. 

B0,  B1.  B2,  B3  (PINS  3.  6.  10,  13)  -  Nibble  B  inputs.  The 
data  present  on  these  pins  is  transferred  to  the  outputs  when 
the  Select  input  is  at  a  high  level  and  the  Output  Enable  input 
is  at  a  low  level.  The  data  is  presented  to  the  outputs  in 
noninverted  form  for  the  HC157  and  inverted  form  for  the 
HC158. 

OUTPUTS 

Y0,  Y1,  Y2,  Y3  (PINS  4,  7,  9,  12)  -  Data  outputs.  The 
selected  input  Nibble  is  presented  at  these  outputs  when  the 
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INPUT  A  OR  B  J^O%% 
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'PLH  ■ 


OUTPUT  V 


SWITCHING  WAVEFORMS 

—  «cc 
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Figure  1.  HC157 
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Figure  2.  HC158 
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OUTPUT  Y 
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  GND 


'TLH 
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Figure  3.  Y  vs  Select,  Noninverted 


SELECT 


'PHL- 
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hi 


OUTPUT  V 
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"'PLH 
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Figure  4.  Y  vs  Select,  Inverted 


OUTPUT 
ENABLE 


'PHL  - 


'THL- 


r''  -ir 

TV?:  \ 

c50%  \ 
10%  \ 

— \  90% 

J  .50%  .1 


Figure  5.  HC157 
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Figure  6.  HC158 


TEST  POINT 


"Includes  all  probe  and  jig  capacitance. 
Figure  7.  Test  Circuit 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL  DATA 


Presettable  Counters 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC160  through  HC163  are  identical  in  pinout  to  the  LS160  through 
LS163,  respectively.  The  device  inputs  are  compatible  with  standard  CMOS  outputs; 
with  pullup  resistors,  they  are  compatible  with  LSTTL  outputs. 

The  HC160  and  HC162  are  programmable  BCD  counters  with  asynchronous  and 
synchronous  Reset  inputs,  respectively.  The  HC161  and  HC163  are  programmable 
4-bit  binary  counters  with  asynchronous  and  synchronous  reset,  respectively. 

•  Output  Drive  Capability:  10  LSTTL  Loads 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1  /iA 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  234  FETs  or  58.5  Equivalent  Gates 


LOGIC  DIAGRAM 


Preset 
Data 
Inputs 


TO- 
PI . 
P2  ■ 
P3  - 

Clock 


3 

14 

QO  ] 

Q1 

Q2 

4 

13 

5 

12 

6 

11 

Q3 

2 

> 

15 

Ripple 
Carry 
Out 

Count 
Enables 


( Enable  P  _ 
10 
Enable  T  — 


BCD  or 
Binary 
Outputs 


Pin  16  =  VCc 
Pin  8=  GND 


MC54/74HC160 
MC54/74HC161 
MC54/74HC162 
MC54/74HC163 


J  SUFFIX 
CERAMIC 
CASE  620 


N  SUFFIX 
PLASTIC 
CASE  648 


D  SUFFIX 

SOIC 
CASE  751 


ORDERING  INFORMATION 

MC74HCXXXN  Plastic 
MC54HCXXXJ  Ceramic 
MC74HCXXXD  SOIC 

TA  =  -  55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 


PIN  ASSIGNMENT 

Reset  I 

1  • 

16 

IVCC 

Clock  ( 

2 

15 

I  Ripple  Carry 
1  Out 

P0  I 

3 

14 

]  QO 

PI  1 

4 

13 

]  01 

P2[ 

5 

12 

]  02 

P3I 

6 

11 

3  Q3 

Enable  P  1 

7 

10 

1  Enable  T 

GND  1 

8 

9 

1  Load 

FUNCTION  TABLE 


Device 

Count 
Mode 

Reset  Mode 

Inputs 

Output 
Q 

Clock 

Reset* 

Load 

Enable  P 

Enable  T 

HC160 

BCD 

Asynchronous 

L 

X 

X 

X 

Reset 

HC161 

Binary 

Asynchronous 

H 

L 

X 

X 

Load  Preset  Data 

HC162 

BCD 

Synchronous 

H 

H 

H 

H 

Count 

HC163 

Binary 

Synchronous 

H 

H 

L 

X 

No  Count 

H 

H 

X 

L 

No  Count 

•HC162  and  HC163  only.  HC160  and  HC161  are  Asynchronous-Reset 

Devices 
H  =  high  level 
L  -  low  level 
X  =  don't  care 
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MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

-0.5  to  +7.0 

V 

Vin 

DC  Input  Voltage  (Referenced  to  GND) 

- 1.5  to  Vcc  +  1-5 

V 

Vout 

DC  Output  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc +0.5 

V 

■in 

DC  Input  Current,  per  Pin 

±20 

mA 

'out 

DC  Output  Current,  per  Pin 

z25 

mA 

ice 

DC  Supply  Current,  Vcc  ancl  GND  pins 

±50 

mA 

PD 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tstg 

Storage  Temperature 

-65  to  +150 

°C 

TL 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°C 

*Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
tDerating  -  Plastic  DIP:  - 10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjn  and 
Vout  snou'd  De  constrained  to  the 
range  GND  <  (Vjn  or  Vout)sVCC- 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  Vcc)-  Unused 
outputs  must  be  left  open. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin.V0lJt 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

vcc 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°C 

%  'f 

Input  Rise  and  Fall  Time                            Vcc  =  2.0V 
(Figure  1)                                          Vcc  =  4.5  V 

VCC  =  6.0  V 

0 
0 
0 

1000 
500 
400 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 


Symbol 

Parameter 

Test  Conditions 

vCc 

V 

Guaranteed  Limit 

Unit 

25°  C  to 
-55°C 

s125°C 

V|H 

Minimum  High-Level  Input 
Voltage 

Vout  =  0.1  Vor  Vcc-0.1V 
|IOU,|<20^A 

2.0 
4.5 
6.0 

1.5 
3.15 
4.2 

1.5 

3.15 
4.2 

1.5 
3.15 
4.2 

V 

V|L 

Maximum  Low-Level  Input 
Voltage 

Vout  =  0.1  Vor  VCC -0.1  V 
lou,l<20MA 

2.0 
4.5 
6.0 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

V 

V0H 

Minimum  High-Level  Output 
Voltage 

Vin  =  V|H  or  V,L 
ilou,|s20,iA 

2.0 
4.5 
6.0 

1.9 
4.4 
5.9 

1.9 
44 
5.9 

1.9 
4.4 
5.9 

V 

Vin  =  V|H  orV|L  |lout|<4.0mA 
|lout|<5.2  mA 

4.5 
6.0 

3.98 
5.48 

3.84 
5.34 

3.70 
5.20 

vol 

Maximum  Low-Level  Output 
Voltage 

Vin=V|H  or  V|L 
Moutl  s20 

2.0 
4.5 
6.0 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

V 

Vin  =  V|HorV|L  |lout|s4.0mA 
|lout|<5.2  mA 

4.5 
6.0 

0.26 
0.26 

0.33 
0.33 

0.40 
0.40 

'in 

Maximum  Input  Leakage  Current 

Vin  =  VCC  or  GND 

6.0 

±0.1 

+  1.0 

+  1.0 

mA 

'CC 

Maximum  Quiescent  Supply 
Current  (per  Package) 

Vin  =  VCC  °<  GND 
lout  =  0 

6.0 

8 

80 

160 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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AC  ELECTRICAL  CHARACTERISTICS  (CL  =  50  pF,  Input  tr  =  tf  =  6  ns) 


Vcc 

Guaranteed  Limit 

Symbol 

Parameter 

2S°C  to 

Unit 

V 

—  56°C 

<8S"C 

<12S°C 

'max 

Maximum  Clock  Frequency  (50%  Duty  Cycle)* 

2.0 

6.0 

4.8 

4.0 

MHz 

(Figures  1  and  7) 

4.5 

30 

24 

20 

6.0 

35 

28 

24 

lPLH 

Maximum  Propagation  Delay,  Clock  to  Q 

2.0 

170 

OCR 

ns 

(Figures  1  and  7) 

4.5 

34 

43 

51 

6.0 

29 

37 

43 

tPHL 

2.0 

205 

255 

310 

4.5 

41 

51 

62 

6.0 

35 

43 

53 

*PHL 

Maximum  Propagation  Delay,  Reset  to  Q  (HC160  and  HC161  Only) 

2.0 

210 

265 

315 

ns 

(Figures  2  and  7) 

4.5 

42 

53 

63 

6.0 

36 

45 

54 

*PLH 

Maximum  Propagation  Delay,  Enable  T  to  Ripple  Carry  Out 

2.0 

160 

200 

240 

ns 

(Figures  3  and  7) 

4.5 

32 

40 

48 

6.0 

34 

'PHL 

2.0 

195 

245 

295 

4.5 

39 

48 

59 

6.0 

33 

42 

50 

'PLH 

Maximum  Propagation  Delay,  Clock  to  Ripple  Carry  Out 

2.0 

175 

220 

265 

ns 

(Figures  1  and  7) 

4.5 

35 

44 

53 

6.0 

30 

37 

45 

'PHL 

2.0 

215 

270 

325 

4.5 

43 

54 

65 

6.0 

37 

46 

55 

tPHL 

Maximum  Propagation  Delay,  Reset  to  Ripple  Carry  Out  (HC160  and  HC161 

2.0 

220 

275 

330 

ns 

Only) 

4.5 

44 

55 

66 

(Figures  2  and  7) 

6.0 

37 

47 

56 

TLH. 

Maximum  Output  Transition  Time,  Any  Output 

2.0 

75 

95 

110 

ns 

tTHL 

(Figures  1  and  7) 

4.5 

15 

19 

22 

6.0 

13 

16 

19 

Cin 

Maximum  Input  Capacitance 

10 

10 

10 

pF 

*Applies  to  noncascaded/nonsynchronously  clocked  configurations  only.  With  synchronously  cascaded  counters,  (1)  Clock  to  Ripple  Carry  Out 
propagation  delays,  (2)  Enable  T  or  Enable  P  to  Clock  setup  times,  and  (3)  Clock  to  Enable  T  or  Enable  P  hold  times  determine  fmax-  However, 
if  Ripple  Carry  Out  of  each  stage  is  tied  to  the  Clock  of  the  next  stage  (nonsynchronously  clocked),  the  fmax  in  the  table  above  is  applicable. 
See  Applications  Information  in  this  data  sheet. 

NOTES: 


1.  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


CPD 

Power  Dissipation  Capacitance  (Per  Package) 

Typical  @25°C,VCC  =  5.0V 

Used  to  determine  the  no-load  dynamic  power  consumption: 

pD  =  CpD  Vcc2f+lcc  Vcc 

60 

pF 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 
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TIMING  REQUIREMENTS  (Input  tr  =  tf  =  6  ns) 


VCC 
V 

Guaranteed  Limit 

Symbol 

Parameter 

25°C  to 

sBB'C 

<125°C 

Unit 

—  55°  C 

*su 

Minimum  oetup  Time,  Preset  Data  Inputs  to  Clock 

2.0 

150 

190 

225 

(Figure  5) 

4.5 

30 

38 

45 

6.0 

26 

33 

38 

'su 

Minimum  Qoti  in  Timo    I  naH  tn  f"*l/"»r*tr 
IVIIf  1IIT1UM 1  OclUp    1  1111c,  LUdU  IU  t-rlUUK, 

2.0 

135 

170 

205 

{Figure  5) 

4.5 

27 

34 

41 

6.0 

23 

29 

35 

'su 

Minimum  Qati  in  Timo     Rocot  tn  C\r\n\t  I  l-l  f  1  fi9  anrl  nnlwl 

ivi  murium  ociup  i  line,  ntJ&ci  it;  ^iut.R  ( n\j  ioz.  anu  nij  i oo  uiny/ 

2.0 

160 

200 

240 

(Figure  4) 

4.5 

32 

40 

48 

6.0 

27 

34 

41 

'su 

Minimum  Setup  Time,  Enable  T  or  Enable  P  to  Clock 

2  0 

200 

250 

300 

(Figure  6) 

4.5 

40 

50 

60 

6.0 

34 

43 

51 

'h 

K  Minimi  i  rr,   UnlH   Timo     f^ln/^l/   t/\   Pro  cot   Hoto   Inni  if  o 

Minimum  noio  i  ime,  ^iock  to  rresei  uaia  inputs 

2  0 

50 

65 

75 

ns 

(Figure  5) 

4.5 

10 

13 

15 

6.0 

9 

11 

13 

'h 

— —  — — —  —  ; —  

Minimum  Hold  Time,  Clock  to  Load 

2  0 

3 

3 

3 

ns 

(Figure  5) 

4.5 

3 

3 

3 

6.0 

3 

3 

3 

'h 

Minimum  Hold  rime.  Clock  to  rteset  (HCloz  and  HCltw  only) 

2.0 

3 

3 

3 

ns 

(Fiaurp  4) 

4.5 

3 

3 

3 

6.0 

3 

3 

3 

'h 

Minimum  Hold  Time,  Clock  to  Enable  r  or  Enable  r 

2.0 

3 

3 

3 

ns 

(Fiaurp  6) 

4.5 

3 

3 

3 

6.0 

3 

3 

3 

'rec 

—  ;  ;  

Minimum  Recovery  Time,  Reset  Inactive  to  Clock  (HC160  and  HC161  only) 

2.0 

125 

155 

190 

ns 

(Figure  2) 

4.5 

25 

31 

38 

6.0 

21 

26 

32 

'rec 

Minimum  Recovery  Time,  Load  Inactive  to  Clock 

9  n 
z.u 

125 

155 

190 

ns 

(Figure  5) 

4.5 

25 

31 

38 

6.0 

21 

26 

32 

Minimum  Pulse  Width  Clock 

2.0 

80 

100 

120 

(Figure  11 

4.5 

16 

20 

24 

6.0 

14 

17 

20 

'w 

Minimum  Pulse  Width,  Reset  (HC160  and  HC161  only) 

2.0 

80 

100 

120 

ns 

(Figure  2) 

4.5 

16 

20 

24 

6.0 

14 

17 

20 

tf.  <f 

Maximum  Input  Rise  and  Fall  Times 

2.0 

1000 

1000 

1000 

ns 

(Figure  1) 

4.5 

500 

500 

500 

6.0 

400 

400 

400 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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FUNCTION  DESCRIPTION 

The  HC160/161/162/163  are  programmable  4-bit  syn- 
chronous counters  that  feature  parallel  Load,  synchronous 
or  asynchronous  Reset,  a  Carry  Output  for  cascading,  and 
count-enable  controls. 

The  HC160  and  HC162  are  BCD  counters  with  asyn- 
chronous Reset,  and  synchronous  Reset,  respectively.  The 
HC161  and  HC163  are  binary  counters  with  asynchronous 
Reset  and  synchronous  Reset,  respectively. 

INPUTS 

Clock  (Pin  2)  -  The  internal  flip-flops  toggle  and  the  out- 
put count  advances  with  the  rising  edge  of  the  Clock  input. 
In  addition,  control  functions,  such  as  resetting  (HC162  and 
HC163)  and  loading  occur  with  the  rising  edge  of  the  Clock 
input. 

Preset  Data  Inputs  PO,  PI,  P2,  P3  I  Pins  3,  4,  5,  61  -  These 
are  the  data  inputs  for  programmable  counting.  Data  on 
these  pins  may  be  synchronously  loaded  into  the  internal 
flip-flops  and  appear  at  the  counter  outputs  PO  (pin  3)  is  the 
least-significant  bit  and  P3  (pin  6)  is  the  most-significant  bit. 

OUTPUTS 

QO,  Q1,  02,  03  (Pins  14,  13,  12,  11)  -  These  are  the 
counter  outputs  (BCD  or  binary).  QO  (pin  14)  is  the  least- 
significant  bit  and  Q3  (pin  11)  is  the  most-significant  bit. 

Ripple  Carry  Out  (Pin  15)  —  When  the  counter  is  in  its 
maximum  state  (1001  for  the  BCD  counters  or  1111  for  the 
binary  counters),  this  output  goes  high,  providing  an  exter- 
nal look-ahead  carry  pulse  that  may  be  used  to  enable  suc- 
cessive cascaded  counters.  Ripple  Carry  Out  remains  high 
only  during  the  maximum  count  state.  The  logic  equations 
for  this  output  are: 


Ripple  Carry  Out=  Enable  T»Q0«Q1«Q2«Q3 

for  BCD  counters  HC160  and  HC162 
Ripple  Carry  Out=  Enable  T«Q0«Q1»Q2«Q3 

for  binary  counters  HC161  and  HC163 


CONTROL  FUNCTIONS 

Resetting  -  A  low  level  on  the  Reset  pin  (pin  1)  resets  the 
internal  flip-flops  and  sets  the  outputs  (QO  through  Q3)  to  a 
low  level.  The  HC160  and  HC161  reset  asynchronously,  and 
the  HC162  and  HC163  reset  with  the  rising  edge  of  the  Clock 
input  (synchronous  reset). 

Loading  —  With  the  rising  edge  of  the  Clock,  a  low  level 
on  Load  (pin  9)  loads  the  data  from  the  Preset  Data  Input  pins 
(PO,  PI,  P2,  P3)  into  the  internal  flip-flops  and  onto  the  output 
pins,  QO  through  Q3.  The  count  function  is  disabled  as  long 
as  Load  is  low. 

Although  the  HC160  and  HC162  are  BCD  counters,  they 
may  be  programmed  to  any  state.  If  they  are  loaded  with  a 
state  disallowed  in  BCD  code,  they  will  return  to  their  normal 
count  sequence  within  two  clock  pulses  (see  the  Output  State 
Diagram). 

Count  Enable/ Disable  —  These  devices  have  two  count- 
enable  control  pins:  Enable  P  (pin  7)  and  Enable  T  (pin  10). 
The  devices  count  when  these  two  pins  and  the  Load  pin  are 
high.  The  logic  equation  is: 

Count  Enable=  Enable  P'Enable  T»Load 

The  count  is  either  enabled  or  disabled  by  the  control  in- 
puts according  to  Table  1.  In  general.  Enable  P  is  a  count- 
enable  control;  Enable  T  is  both  a  count-enable  and  a  Ripple- 
Carry  Output  control. 

TABLE  I.  COUNT  ENABLE/ DISABLE 


Control  Inputs 

Result  at  Outputs 

Load 

Enable  P 

Enable  T 

Q0-Q3 

Ripple  Carry  Out 

H 

H 

H 

Count 

High  when  Q0-Q3 
are  maximum* 

L 

H 

H 

No  Count 

X 

L 

H 

No  Count 

High  when  Q0-Q3 
are  maximum* 

X 

X 

L 

No  Count 

L 

»Q0  through  Q3  are  maximum  for  the  HC160  and  HC162  when 
Q3  Q2  Ql  00=1001. 

QO  through  Q3  are  maximum  for  the  HC161  and  HC163  when 
Q3  Q2  Q1  Q0=1111. 


OUTPUT  STATE  DIAGRAMS 


HC160and  HC162 
BCD  Counters 


HC161  and  HC163 
Binary  Counters 


15 


14 


13 


12 


6 

i 
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FIGURE  1 
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FIGURE  4  -  HC162  AND  HC163  ONLY 
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FIGURE  5 


Inputs 
PO,  PI. 
P2,  P3  , 


Load 


Clock 


-Valid- 


-tsu~ 


'  vCc 

•  GND 

•  vcc 


  GND 


GND 


Enable  T 

or 

Enable  P 


FIGURE  6 
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FIGURE  7  -  TEST  CIRCUIT 
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*  Includes  all  probe  and  jig  capacitance 
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MC54HC160«MC74HC160 
BCD  Counter  with  Asynchronous  Reset 


PO 


P2 


Enable  P 


Enable  T 


T1 
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01 
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JCM> 
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Clock  
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Vcc=Pin  16 
GND=  Pin  8 


The  flip-flops  shown  in  the  circuit  diagrams  are  Toggle-Enable  flip-flops.  A  Toggle- 
Enable  flip-flop  is  a  combination  of  a  D  flip-flop  and  a  T  flip-flop.  When  loading  data  from 
Preset  inputs  PO,  P1 ,  P2,  and  P3,  the  Load  signal  is  used  to  disable  the  Toggle  input  (Tnl  of 
the  flip-flop.  The  logic  level  at  the  Pn  input  is  then  clocked  to  the  Q  output  of  the  flip-flop 
on  the  next  rising  edge  of  the  clock. 

A  logic  zero  on  the  Reset  device  input  forces  the  internal  clock  (C)  high  and  resets  the  Q 
output  of  the  flip-flop  low. 


CJl 


CJl 


MC54HC161«MC74HC161 
4-Bit  Binary  Counter  with  Asynchronous  Reset 
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The  flip-flops  shown  in  the  circuit  diagrams  are  Toggle-Enable  flip-flops.  A  Toggle- 
Enable  flip-flop  is  a  combination  of  a  D  flip-flop  and  a  T  flip-flop.  When  loading  data  from 
Preset  inputs  PO,  P1 ,  P2,  and  P3,  the  Load  signal  is  used  to  disable  the  Toggle  input  (Tn)  of 
the  flip-flop.  The  logic  level  at  the  Pn  input  is  then  clocked  to  the  Q  output  of  the  flip-flop 
on  the  next  rising  edge  of  the  clock. 

A  logic  zero  on  the  Reset  device  input  forces  the  internal  clock  (C)  high  and  resets  the  Q 
output  of  the  flip-flop  low. 
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HC160,  HC162  TIMING  DIAGRAM 


Sequence  illustrated  in  waveforms: 

1 .  Reset  outputs  to  zero. 

2.  Preset  to  BCD  seven. 

3.  Count  to  eight,  nine,  zero,  one,  two.  and  three. 

4.  Inhibit. 
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Sequence  illustrated  in  waveforms: 
1 .  Reset  outputs  to  zero. 
2  Preset  to  binary  twelve. 

3.  Count  to  thirteen,  fourteen,  fifteen,  zero,  one,  and  two. 

4.  Inhibit. 
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MC54HC162«MC74HC162 
BCD  Counter  with  Synchronous  Reset 
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The  flip-flops  shown  in  the  circuit  diagrams  are  Toggle-Enable  flip-flops.  A  Toggle- 
Enable  flip-flop  is  a  combination  of  a  D  flip-flop  and  a  T  flip-flop.  When  loading  data  from 
Preset  inputs  PO,  PI ,  P2,  and  P3,  the  Load  signal  is  used  to  disable  the  Toggle  input  (Tn)  of 
the  flip-flop.  The  logic  level  at  the  Pn  input  is  then  clocked  to  the  Q  output  of  the  flip-flop 
on  the  next  rising  edge  of  the  clock. 

A  logic  zero  on  the  Reset  device  input  forces  the  internal  clock  (C)  high  and  resets  the  Q 
output  of  the  flip-flop  low. 
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MC54HC163«MC74HC163 
4-Bit  Binary  Counter  with  Synchronous  Reset 
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The  flip-flops  shown  in  the  circuit  diagrams  are  Toggle-Enable  flip-flops.  A  Toggle- 
Enable  flip-flop  is  a  combination  of  a  D  flip-flop  and  a  T  flip-flop.  When  loading  data  from 
C  Preset  inputs  PO,  PI ,  P2,  and  P3,  the  Load  signal  is  used  to  disable  the  Toggle  input  (Tn)  of 

C  the  flip-flop.  The  logic  level  at  the  Pn  input  is  then  clocked  to  the  Q  output  of  the  flip-flop 

on  the  next  rising  edge  of  the  clock. 
Load  a  logic  zero  on  the  Reset  device  input  forces  the  internal  clock  IC)  high  and  resets  the  Q 

Load  output  of  the  flip-flop  low. 
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TYPICAL  APPLICATIONS 
CASCADING 
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N-Bit  Synchronous  Counters 
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NOTE:  When  used  in  these  cascaded  configurations  the  clock  fmax  guaranteed  limits  may  not  apply.  Actual  performance  will  depend  on  number 
of  stages.  This  limitation  is  due  to  set  up  times  between  Enable  (Port)  and  Clock. 
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Nibble  Ripple  Counter 

Inputs 


Inputs 


Load    PO  PI  P2  P3 
Enable  P 

Ripple 

Enable  T  Carry  |  1 

Out 

>  Clock 

Reset   QO  Q1  Q2  Q3 

~o — i — i — i — r 


Load  PO  P1  P2  P3 
Enable  P 

Ripple 

Enable  T  Carry 
Out 

>  Clock 
Reset  QO  Q1  Q2  Q3 


Load  PO  P1  P2  P3 
Enable  P 


Enable  T 


Ripple 
Carry 
Out 


>  Clock 
Reset   QO  Q1  Q2  Q3 


To 
More 
'  Significant 


Outputs 


Outputs 


Outputs 
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TYPICAL  APPLICATIONS 
VARYING  THE  MODULUS 


The  HC162  and  HC163  facilitate  designing  counters  of  any  modulus  with  minimal  external  logic.  The  output  is  glitch-free  due 
to  the  synchronous  Reset. 


HC162 
HC163 


Other 

QO 

Inputs 

Q1 

02 

Rese 

Q3 

HC163 


Optional  Buffer 
for  Noise  Rejection 


•  Output 


Other 

QO 

Inputs 

Q1 

02 

Q3 

Reset 

Optional  Buffer 
for  Noise  Rejection 


Output 


Modulo- 5  Counter 


ModuIo-11  Counter 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL  DATA 


8-Bit  Serial-lnput/Parallel-Output 
Shift  Register 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC164  is  identical  in  pinout  to  the  LS164.  The  device  inputs  are 
compatible  with  standard  CMOS  outputs;  with  pullup  resistors,  they  are  compatible 
with  LSTTL  outputs. 

The  MC54/74HC164  is  an  8-bit,  serial-input  to  parallel-output  shift  register.  Two 
serial  data  inputs,  A1  and  A2,  are  provided  so  that  one  input  may  be  used  as  a  data 
enable.  Data  is  entered  on  each  rising  edge  of  the  clock.  The  active-low  asynchron- 
ous Reset  overrides  the  Clock  and  Serial  Data  inputs. 

•  Output  Drive  Capability:  10  LSTTL  Loads 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1  /xA 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  244  FETs  or  61  Equivalent  Gates 


LOGIC  DIAGRAM 


MC54/74HC164 


J  SUFFIX 
CERAMIC 
CASE  632 


N  SUFFIX 
PLASTIC 
CASE  646 


D  SUFFIX 

SOIC 
CASE  7S1A 


ORDERING  INFORMATION 

MC74HCXXXN  Plastic 
MC54HCXXXJ  Ceramic 
MC74HCXXXD  SOIC 

Ta  =  -55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 


PIN  ASSIGNMENT 


FUNCTION  TABLE 


Inputs 

Outputs 

Reset 

Clock 

A1  A2 

Qa  Qb  O.H 

L 

X 

X  X 

L      L    ...  L 

H 

X  X 

no  change 

H 

H  D 

D   °-An  •  •  ■  °-Gn 

H 

D  H 

0   QAn • • • QGn 

D  =  data  input 

O-An  "  QGn  =  data  shifted  from  the  previous 
stage  on  a  rising  edge  at  the 
clock  input. 
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vcc 

DC  Supply  Voltage  (Referenced  to  GNDI 

-0.5  to  +7.0 

V 

Vin 

DC  Input  Voltage  (Referenced  to  GNDI 

-  1.5  to  Vcc  +  1-5 

V 

V0ut 

DC  Output  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc +  0-5 

V 

l,n 

DC  Input  Current,  per  Pin 

±20 

mA 

'out 

DC  Output  Current,  per  Pin 

±25 

mA 

ice 

DC  Supply  Current.  Vcc  and  GND  p,ns 

±50 

mA 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

1  Stq 

Storage  Temperature 

-65  to  + 150 

°C 

tl 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°C 

*  Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
tDerating  -  Plastic  DIP:  -10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -  10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjn  and 
Vout  should  be  constrained  to  the 
range  GND  <  (Vjn  or  V0Ut)<Vcc. 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  Vqq).  Unused 
outputs  must  be  left  open. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

vcc 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

tr.  tf 

Input  Rise  and  Fall  Time                          Vcc  =  2.0  v 
(Figure  11                                          VCc  =  4.5V 

VCC  =  6.0  V 

0 
0 
0 

1000 
500 
400 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GNDI 


vCc 

Guaranteed  Limit 

Symbol 

Parameter 

Test  Conditions 

25°  C  to 

Unit 

V 

-55°C 

s85°C 

<125"C 

V|H 

Minimum  High- Level  Input 

Vou,  =  0.1  Vor  VCC- 

-0.1  V 

2.0 

1.5 

1.5 

1.5 

V 

Voltage 

I'outl  =20  f A 

3.15 

3.15 

3.15 

6.0 

4.2 

4.2 

4.2 

VlL 

Maximum  Low-Level  Input 

Vout=0.1  Vor  VCC- 

-0.1  V 

2.0 

0.3 

0.3 

0.3 

V 

Voltage 

|IOU,|<20^A 

4.5 

0.9 

0.9 

0.9 

6.0 

1.2 

1.2 

1.2 

VOH 

Minimum  High-Level  Output 

vin  =  V|H  or  V|L 

2.0 

1.9 

1.9 

1.9 

V 

Voltage 

|lout|<20flA 

4.5 

4.4 

4.4 

4.4 

6.0 

5.9 

5.9 

5.9 

Vin  =  V|H  or  V|L 

Moutl  S4.0  mA 

4.5 

3.98 

3.84 

3.70 

|lout|<5.2  mA 

6.0 

5.48 

5.34 

5.20 

vol 

Maximum  Low-Level  Output 

Vin  =  V|H  or  V|L 

2.0 

0.1 

0.1 

0.1 

V 

Voltage 

|lout|<20^ 

4.5 

0.1 

0.1 

0.1 

6.0 

0.1 

0.1 

0.1 

Vin  =  V|H  or  V,L 

|lout|s4.0  mA 

4.5 

0.26 

0.33 

0.40 

lout|<5.2  mA 

6.0 

0.26 

0.33 

0.40 

■in 

Maximum  Input  Leakage  Current 

Vin  =  VCC  or  GND 

6.0 

±0.1 

±1.0 

+  1.0 

eA 

ice 

Maximum  Quiescent  Supply 

Vin  =  VCC  or  GND 

6.0 

8 

80 

160 

MA 

Current  (per  Package! 

lout  =  " 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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AC  ELECTRICAL  CHARACTERISTICS  (CL  =  50  pF,  Input  tr  =  tf  =  6  ns) 


vcc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

25°C  to 
-55^ 

<  85°  C 

< 125°  C 

Unit 

'max 

Maximum  Clock  Frequency  (50%  Duty  Cycle} 
(Figures  1  and  4) 

2.0 
4.5 
6.0 

6.0 
30 
35 

4.8 
24 
28 

4.0 
20 
24 

MHz 

tPLH- 
'PHL 

Maximum  Propagation  Delay,  Clock  to  Q 
(Figures  1  and  41 

2.0 
4  5 
6.0 

175 
35 
30 

220 
44 
37 

265 
53 
45 

ns 

tPHL 

Maximum  Propagation  Delay,  Reset  to  Q 
(Figures  2  and  4) 

2.0 
4.5 
6.0 

205 
41 
35 

255 
51 
43 

310 
62 
53 

ns 

tTLH. 
tTHL 

Maximum  Output  Transition  Time,  Any  Output 
(Figures  1  and  4) 

2.0 
4.5 
6.0 

75 
15 
13 

95 
19 
16 

110 
22 
19 

ns 

Cin 

Maximum  Input  Capacitance 

10 

10 

10 

pF 

NOTES: 

1.  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


CPD 

Power  Dissipation  Capacitance  (Per  Package) 

Typical  @  25°C,  VCC  =  5  0  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 

PD  =  CPD  Vcc2f+lcc  VCC 

140 

pF 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

TIMING  REQUIREMENTS  (Input  tr  =  tf  =  6  nsl  


vcc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

25°C  to 
-SS°C 

s85°C 

s125°C 

Unit 

tSu 

Minimum  Setup  Time,  A1  or  A2  to  Clock 
(Figure  3) 

2.0 
4.5 
6.0 

50 
10 
9 

65 
13 
11 

75 
15 
13 

ns 

th 

Minimum  Hold  Time,  Clock  to  A1  or  A2 
(Figure  3) 

2.0 
4.5 
6.0 

5 
5 
5 

5 
5 
5 

5 

5 
5 

ns 

Vec 

Minimum  Recovery  Time,  Reset  Inactive  to  Clock 
(Figure  2) 

2.0 
4.5 
6.0 

5 

5 
5 

5 
5 
5 

5 
5 
5 

ns 

tw 

Minimum  Pulse  Width,  Clock 
(Figure  1) 

2.0 
4.5 
6.0 

80 
16 
14 

100 
20 
17 

120 
24 
20 

ns 

tw 

Minimum  Pulse  Width,  Reset 
(Figure  2) 

2.0 
4.5 
6.0 

80 
16 
14 

100 
20 
17 

120 
24 
20 

ns 

tr.  tf 

Maximum  Input  Rise  and  Fall  Times 
(Figure  1) 

2.0 
4.5 
6.0 

1000 
500 
400 

1000 
500 
400 

1000 
500 
400 

ns 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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PIN  DESCRIPTIONS 


INPUTS 

A1.  A2  (PINS  1.  2)  —  Serial  Data  Inputs.  Data  at  these 
inputs  determine  the  data  to  be  entered  into  the  first  stage  of 
the  shift  register.  For  a  high  level  to  be  entered  into  the  shift 
register,  both  A1  and  A2  inputs  must  be  high,  thereby  allowing 
one  input  to  be  used  as  a  data-enable  input.  When  only  one 
serial  input  is  used,  the  other  must  be  connected  to  Vcc- 

CLOCK  (PIN  81  -  Shift  Register  Clock.  A  positive-going 
transition  on  this  pin  shifts  the  data  at  each  stage  to  the  next 
stage.  The  shift  register  is  completely  static,  allowing  clock 
rates  down  to  DC  in  a  continuous  or  intermittent  mode. 


OUTPUTS 

0-A  -  O-H  IP'NS  3,  4,  5,  6, 10,  11,  12,  131  -  Parallel  Shift 
Register  Outputs.  The  shifted  data  is  presented  at  these 
outputs  in  true,  or  noninverted,  form. 

CONTROL  INPUT 

RESET  (PIN  9)  —  Active-Low,  Asynchronous  Reset  Input. 
A  low  voltage  applied  to  this  input  resets  all  internal  flip-flops 
and  sets  outputs  Qa  -  0-H  to  the  low  level  state. 


SWITCHING  WAVEFORMS 


CLOCK 


■«  'w  *■ 

RESET  1 
'PHL — *~ 

t 

^50% 

\ 

'rec — >- 

CLOCK 


VCC 
GNQ 


50%  i 


Figure  1 


Figure  2 


h»  VALID  *■ 

Al  or  A2  /\50% 

U— isu    »U  th— » 


CLOCK 


TEST  POINT 


vcc 


GND 


vcc 


GND 


Figure  3 


includes  all  probe  and  jig  capacitance. 
Figure  4.  Test  Circuit 
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EXPANDED  LOGIC  DIAGRAM 


CLOCK  - 


Al  - 

A2- 


H>4> 


1       ^  \ 

r       \  \ 

r 

RESET 


D      Q  0-»-C  D      0  3-f-0 


3-f-C  D      Q  >-t"c  D      Q  :>"f-c  D      Q  >"t_c  D      Q  5-f-C  D      Q  3-1 


1|  ^|  io|  n|  12J  ia| 

0A  QB  QC  Q0  Qe  qf  qg  oh 


TIMING  DIAGRAM 


clock  jTjnjnj-^r^TLmarunjnj^TiJ^n_rirL 


A1~ 
A2" 
RESET " 

Oa" 
Ob" 
oc" 
Qd" 
Qe" 
Qf" 
Og" 
oh" 


J  L 


J  L 


J  L 


J  L 


J  L 


J  L 
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or  raranei-inpui/ 
Serial-Output  Shift  Register 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC165  is  identical  in  pinout  to  the  LS165.  The  device  inputs  are 
compatible  with  standard  CMOS  outputs;  with  pullup  resistors,  they  are  compatible 
with  LSTTL  outputs. 

This  device  is  an  8-bit  shift  register  with  complementary  outputs  from  the  last 
stage.  Data  may  be  loaded  into  the  register  either  in  parallel  or  in  serial  form.  When 
the  Serial  Shift/Parallel  Load  input  is  low,  the  data  is  loaded  asynchronously  in  par- 
allel. When  the  Serial  Shift/Parallel  Load  input  is  high,  the  data  is  loaded  serially  on 
the  rising  edge  of  either  Clock  or  Clock  Inhibit  (see  the  Function  Table). 

The  2-input  NOR  clock  may  be  used  either  by  combining  two  independent  clock 
sources  or  by  designating  one  of  the  clock  inputs  to  act  as  a  clock  inhibit. 

•  Output  Drive  Capability:  10  LSTTL  Loads 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  286  FETs  or  71.5  Equivalent  Gates 

LOGIC  DIAGRAM 


°H  ]  Serial 
I  Data 
— Qh  I  Outputs 


B — — 
C^_ 

Parallel 

Data  • 
Inputs 

E  — 

a-S- 

Serial  ( 

H  — 

1  10 

Data    I  i 

A   

Input  I 

Serial  Shift/Parallel  Load- 


Clock  - 


J  SUFFIX 

CERAMIC 

CASE  620 

16       If  ||  11  H  11 
1 

^^^^^ 

|           IM  SUFFIX 

PLASTIC 

WmTii 

CASE  648 

<•  |||uM 
i 

D  SUFFIX 

16  ^f^^ 

SOIC 

1  *' 

CASE  751 

ORDERING  INFORMATION 

MC74HCXXXN  Plastic 

MC54HCXXXJ 

Ceramic 

MC74HCXXXD  SOIC 

TA=  -55°  to  125°C  for  all  packages. 

Dimensions  in  Chapter  7. 

PIN  ASSIGNMENT 

Serial  Shift/ 


Parallel  Load 
Clock  [ 

EI  3 

F[  4 

G[  5 

HI  6 

QhI  7 

GNDI  8 


1  • 

2 


6  ]  VCC 


]  Clock  Inhibit 

ID 

]C 

IB 

]  A 

1SA 


9  ]QH 


Clock  Inhibit  - 


FUNCTION  TABLE 


Inputs 

Internal 

Serial  Shift/ 
Parallel  Load 

Clock 

Clock 
Inhibit 

sA 

A-H 

Stages 

Qa  Qb 

Output 

Qh 

Operation 

L 

X 

X 

X 

a  h 

a  b 

h 

Asynchronous  Parallel  Load 

H 
H 

JT 
-T 

L 
L 

L 
H 

X 
X 

L  QAn 
H  QAn 

QGn 
QGn 

Serial  Shift  via  Clock 

H 
H 

L 
L 

jr 
j- 

L 
H 

X 
X 

L  QAn 
H  QAn 

QGn 
QGn 

Serial  Shift  via  Clock  Inhibit 

H 
H 

X 
H 

H 

X 

X 
X 

X 
X 

no  change 

Inhibited  Clock 

H 

L 

L 

X 

X 

no  change 

No  Clock 

X  =  don't  care 

QAn  QGn=  Data  shifted  from  the  preceding  stage 
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MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

vCc 

DC  Supply  Voltage  (Referenced  to  GND) 

-0.5  to  +7.0 

V 

Vin 

DC  Input  Voltage  (Referenced  to  GND) 

-1.5  to  Vcc  +  15 

V 

Vout 

DC  Output  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc +  0.5 

V 

'in 

DC  Input  Current,  per  Pin 

±20 

mA 

'out 

DC  Output  Current,  per  Pin 

±25 

mA 

'CC 

DC  Supply  Current,  Vcc  and  GND  Pins 

+  50 

mA 

PD 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tstq 

Storage  Temperature 

-65  to  +150 

°C 

TL 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°C 

*  Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
TDerating  -  Plastic  DIP:  -10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -  10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjn  and 
Vout  should  be  constrained  to  the 
range  GND<(Vin  or  Vout)<VCC. 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  Vcc)-  Unused 
outputs  must  be  left  open. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

vcc 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

'r.  tf 

Input  Rise  and  Fall  Time                          Vcc  ™  2  0  v 
(Figure  1)                                          VCc  =  4.5V 

VCC  =6.0  V 

0 
0 
0 

1000 
500 
400 

ns 

DC  ELECTRICAL  CHARACTERISTICS  [Voltages  Referenced  to  GND) 


vcc 

Guaranteed  L 

mit 

Symbol 

Parameter 

Test  Conditions 

25°C  to 

Unit 

V 

s85°C 

<125°C 

-S5°C 

V|H 

Minimum  High-Level  Input 

Vout  =  0.1  Vor  VCC 

-0.1  V 

2.0 

1.5 

1.5 

1.5 

V 

Voltage 

\lout\s20„A 

4.5 

3.15 

3.15 

3.15 

6.0 

4.2 

4.2 

4.2 

VlL 

Maximum  Low-Level  Input 

Vout  =  0.1  Vor  VCC 

-0.1  V 

2.0 

0.3 

0.3 

0.3 

V 

Voltage 

Moutl  ^20  MA 

4.5 

0.9 

0.9 

0.9 

6.0 

1.2 

1.2 

1.2 

VOH 

Minimum  High-Level  Output 

Vin  =  V|H  °<  V|L 

2.0 

1.9 

1.9 

1.9 

V 

Voltage 

|lout|s20„A 

4.5 

4.4 

4.4 

4.4 

6.'0 

5.9 

5.9 

5.9 

Vin  =  V|H  or  V|L 

|lOut|s4.0mA 

4.5 

3.98 

3.84 

3.70 

Moutl  ^5.2  mA 

6.0 

5.48 

5.34 

5.20 

vol 

Maximum  Low-Level  Output 

Vin  =  V|H  or  V|L 

2.0 

0.1 

0.1 

0.1 

V 

Voltage 

|lout|<20^A 

4.5 

0.1 

0.1 

0.1 

6.0 

0.1 

0.1 

0.1 

Vin  =  V|H  or  V|L 

|lou,|s4.0mA 

4.5 

0.26 

0.33 

0.40 

Moutl  =£5.2  mA 

6.0 

0.26 

0.33 

0.40 

"in 

Maximum  Input  Leakage  Current 

Vin  =  VCC  or  GND 

6.0 

±0.1 

±10 

±1.0 

("A 

ice 

Maximum  Quiescent  Supply 

Vin  =  VCC  or  GND 

6.0 

8 

80 

160 

„A 

Current  (per  Package) 

lout  =  0^A 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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AC  ELECTRICAL  CHARACTERISTICS  iCL- -50  pF,  Input  tr  =  tf  =  6  ns! 


vcc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

25°  C  to 
-55-C 

<85°C 

<125°C 

Unit 

'max 

Maximum  Clock  Frequency  (50%  Duty  Cycle) 
I  Figures  1  and  81 

2.0 
4.5 
6.0 

6.0 
30 
35 

4.8 
24 
28 

4.0 
20 
24 

MHz 

•PLH. 
'PHL 

Maximum  Propagation  Delay,  Clock  (or  Clock  Inhibit)  to  Qh  or  Q"h 
(Figures  1  and  8) 

2.0 
4.5 
6.0 

150 
30 
26 

190 
38 
33 

225 
45 
38 

ns 

tpLH. 
'PHL 

Maximum  Propagation  Delay,  Serial  Shift/Parallel  Load  to  Qh  or  Qh 
(Figures  2  and  8) 

2.0 
4.5 
6.0 

175 
35 
30 

220 
44 
37 

265 
53 
45 

ns 

'PLH. 
•PHL 

Maximum  Propagation  Delay,  Input  H  to  Qh  or  Qh 
(Figures  3  and  8) 

2.0 
4.5 
6.0 

150 
30 
26 

190 
38 
33 

225 
45 
38 

ns 

'TLH. 
<THL 

Maximum  Output  Transition  Time,  Any  Output 
(Figures  1  and  8) 

2.0 
4.5 
6.0 

75 
15 
13 

95 
19 
16 

110 
22 
19 

ns 

Cin 

Maximum  Input  Capacitance 

10 

10 

10 

pF 

NOTES: 

1 .  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 

CPD 

Power  Dissipation  Capacitance  (Per  Package) 

Typical  ( 

t  25°C,  Vcc  =  5.0  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 
Pq  =  Cpd  Vcc2f+lcc  VCc 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

85 

pF 

I 
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TIMING  REQUIREMENTS  (Input  tf  =  tf  =  6  ns) 


vCc 

Guaranteed  Limit 

Cwrv|  H  f~k  I 

oyniuui 

P3  r3  mct©r 

25°C  to 

Unit 

V 

■<850C 

S 125°  C 

-55»C 

lsu 

Minimum  Setup  Time,  Parallel  Data  Inputs  to  Serial  Shift/ Parallel  Load 

2.0 

100 

125 

150 

ns 

(Figure  4) 

4.5 

20 

25 

30 

6.0 

17 

21 

26 

*su 

Minimum  Setup  Time,  Input  Sa  to  Clock  (or  Clock  Inhibit) 

2.0 

100 

125 

150 

ns 

(Figure  5) 

4.5 

20 

25 

30 

6.0 

17 

21 

26 

<su 

Minimum  Setup  Time,  Serial  Shift/Parallel  Load  to  Clock  (or  Clock  Inhibit) 

2.0 

100 

125 

150 

ns 

(Figure  6) 

4.5 

20 

25 

30 

6.0 

17 

21 

26 

<su 

Minimum  Setup  Time,  Clock  to  Clock  Inhibit 

2.0 

100 

125 

150 

ns 

(Figure  7) 

4.5 

20 

25 

30 

6.0 

17 

21 

26 

th 

Minimum  Hold  Time,  Serial  Shift/ Parallel  Load  to  Parallel  Data  Inputs 

2.0 

5 

5 

5 

ns 

(Figure  4} 

4.5 

5 

5 

S 

6.0 

5 

5 

5 

th 

Minimum  Hold  Time,  Clock  (or  Clock  Inhibit)  to  Input  Sa 

2.0 

5 

5 

5 

ns 

(Figure  5) 

4.5 

5 

6 

5 

6.0 

5 

5 

5 

«h 

Minimum  Hold  Time,  Clock  (or  Clock  Inhibit)  to  Serial  Shift/ Parallel  Load 

2.0 

5 

5 

5 

ns 

(Figure  6) 

4.5 

S 

S 

5 

6.0 

5 

5 

5 

Vec 

Minimum  Recovery  Time,  Clock  to  Clock  Inhibit 

2.0 

100 

125 

150 

ns 

(Figure  7) 

4.5 

20 

25 

30 

6.0 

17 

21 

26 

tw 

Minimum  Pulse  Width,  Clock  (or  Clock  Inhibit) 

2.0 

80 

100 

120 

ns 

(Figure  1) 

4.5 

16 

20 

24 

6.0 

14 

17 

20 

'w 

Minimum  Pulse  Width,  Serial  Shift/ Parallel  Load 

2.0 

80 

100 

120 

ns 

(Figure  2) 

4.5 

16 

20 

24 

6.0 

14 

17 

20 

%.tf 

Maximum  Input  Rise  and  Fall  Times 

2.0 

1000 

1000 

1000 

ns 

(Figure  1) 

4.5 

500 

500 

500 

6.0 

400 

400 

400 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4  2. 
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PIN  DESCRIPTIONS 


INPUTS 

A,  B,  C,  D,  E,  F,  G,  H  (PINS  11,  12,  13,  14,  3,  4,  5,  6)  - 

Parallel  Data  inputs.  Data  on  these  inputs  are  asynchronously 
entered  in  parallel  into  the  internal  flip-flops  when  the  Serial 
Shift/Parallel  Load  input  is  low. 

Sa  (PIN  10)  -  Serial  Data  input.  When  the  Serial  Shift/ 
Parallel  Load  input  is  high,  data  on  this  pin  is  serially  entered 
into  the  first  stage  of  the  shift  register  with  the  rising  edge  of 
the  Clock. 

CONTROL  INPUTS 

SERIAL  SHIFT/PARALLEL  LOAD  (PIN  1)  -  Data-entry 
control  input.  When  a  high  level  is  applied  to  this  pin,  data  at 
the  Serial  Data  input  (Sa)  are  shifted  into  the  register  with 
the  rising  edge  of  the  Clock.  When  a  low  level  is  applied  to 


this  pin,  data  at  the  Parallel  Data  inputs  are  asynchronously 
loaded  into  each  of  the  eight  internal  stages. 

CLOCK,  CLOCK  INHIBIT  (PINS  2,  15)  -  Clock  inputs. 
These  two  clock  inputs  function  identically.  Either  may  be  used 
as  an  active-high  clock  inhibit.  However,  to  avoid  double 
clocking,  the  inhibit  input  should  go  high  only  while  the  clock 
input  is  high. 

The  shift  register  is  completely  static,  allowing  Clock  rates 
down  to  DC  in  a  continuous  or  intermittent  mode. 

OUTPUTS 

Qh.  Oh  (PINS  9,  7)  -  Complementary  Shift  Register 
outputs.  These  pins  are  the  noninverted  and  inverted  outputs 
of  the  eighth  stage  of  the  shift  register. 
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FIGURE  1  -  SERIAL-SHIFT  MODE 


FIGURE  2  -  PARALLEL- LOAD  MODE 


Clock 
or  Clock  Inhibit 


i%  \  7   vcc 

b         \  / 

T  '    GND 


90% 
50% 
10% 

■*  tw  » 

-«  1/f, 


90%  Jt  

Q|H  or  Qh        50%,  i  \. 

— *1    r*-<TLH  tTHL— H  I"*- 


max-  

<PLH  tpHL- 


Senal  Shift/ 
Parallel  Load 


QHorQH 


""^50%  r^50%  J 


-'PLH 


VCC 
GND 


-<PHL 


FIGURE  3  -  PARALLEL-LOAD  MODE 


Input  H 


<PLH- 


901T 

50% 
10% 


it 


QHorQH 


—  vcc 

  GND 


1TLH 


-1PHL 


■4   k— tTHL 


FIGURE  5  -  SERIAL-SHIFT  MODE 

-Valid- 


Input  SA  3k50* 

U—  tsu- 


Clock 
or  Clock  Inhibit 


vcc 

GND 
VCC 


FIGURE  4  -  PARALLEL-LOAD  MODE 


Inputs  A-H 


Serial  Shift/ 
Parallel  Load 


 Valid  H 

v/  \f 


vcc 

GND 
VCC 


  GND 

■  Asynchronous 
Parallel 
Load 
(level  sensitive) 


FIGURE  6  -  SERIAL-SHIFT  MODE 


Serial  Shift/ 


'50% 
'su    I*  >|<  'h- 


  GND 


Clock 
or  Clock  Inhibit 


vcc 

GND 

vcc 

GND 


Clock  Inhibit 


FIGURE  7  -  SERIAL-SHIFT, 
CLOCK-INHIBIT  MODE 


Clock  2  Inhibited 


50% 


—  vCC 

  GND 


FIGURE  8  —  TEST  CIRCUIT 

Test  Point 


—  vCc 

G.ND 


*  Includes  all  probe  and  jig  capacitance 
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EXPANDED  LOGIC  DIAGRAM 


I  

-i>H>-Ol5H 


TIMING  DIAGRAM 


aock  jijnjiJi_JiJijnjnjnjnjn_n_ 


Clock  Inhibit 
9a~[ 


Parallel  Load 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL  DATA 


MC54/74HC173 


Quad  3-State  D  Flip-Flop  with 
Common  Clock  and  Reset 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC173  is  identical  in  pinout  to  the  LS173.  The  device  inputs  are 
compatible  with  standard  CMOS  outputs;  with  pullup  resistors,  they  are  compatible 
with  LSTTL  outputs. 

Data,  when  enabled,  are  clocked  into  the  four  D  flip-flops  with  the  rising  edge  of 
the  common  Clock.  When  either  or  both  of  the  Output  Enable  Controls  is  high,  the 
outputs  are  in  a  high-impedance  sta'e.  This  feature  allows  the  HC173  to  be  used  in 
bus-oriented  systems.  The  Reset  feature  is  asynchronous  and  active-high. 

•  Output  Drive  Capability:  15  LSTTL  Loads 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1  jjA 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  208  FETs  or  52  Equivalent  Gates 


BLOCK  DIAGRAM 


Data- 
Enables 


Output 
Enables 


J  SUFFIX 
CERAMIC 
CASE  620 


N  SUFFIX 
PLASTIC 
CASE  648 


D  SUFFIX 

SOIC 
CASE  751 


ORDERING  INFORMATION 

MC74HCXXXN  Plastic 
MC54HCXXXJ  Ceramic 
MC74HCXXXD  SOIC 

Ta=  -55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 


Clock 


|  oe2 — ^oi  y 


PIN  ASSIGNMENT 

OE1  C 

1  • 

16 

OE2C 

2 

15 

]  Reset 

QOC 

3 

14 

IDC 

0.1  I 

4 

13 

]D1 

02 1 

5 

12 

]D2 

03  [ 

6 

11 

)D3 

Clock! 

7 

10 

IDE2 

GND  [ 

8 

9 

]DE1 

VCC=Pin  16 
GND=  Pin  8 


FUNCTION  TABLE 


Inputs 

Output 

Output 
Enables 

Reset 

Clock 

Data  Enables 

Data 

Q 

OE1  OE2 

DE1  DE2 

D 

L  L 

H 

X 

X  X 

X 

L 

L  L 

L 

L 

X  X 

X 

no  change 

L  L 

L 

H 

X  X 

X 

no  change 

L  L 

L 

-T 

H  X 

X 

no  change 

L  L 

L 

J~ 

X  H 

X 

no  change 

L  L 

L 

J~ 

L  L 

L 

L 

L  L 

L 

L  L 

H 

H 

L  L 

L 

"V 

X  X 

X 

no  change 

L  H 

X 

X 

X  X 

X 

high  impedance 

H  L 

X 

X 

X  X 

X 

high  impedance 

H  H 

X 

X 

X  X 

X 

high  impedance 
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MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vrr 

DC  Supply  Voltage  [Referenced  to  GND) 

-0.5  to  +7.0 

V 

v  in 

DC  Input  Voltage  (Referenced  to  GND) 

—  1 .5  to  Vcc  +  1  -5 

V 

Vout 

DC  Output  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc +  0.5 

V 

•in 

DC  Input  Current,  per  Pin 

±20 

mA 

'out 

DC  Output  Current,  per  Pin 

+  35 

mA 

'CC 

DC  Supply  Current,  Vcc  and  GND  Pins 

±75 

mA 

PD 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tstg 

Storage  Temperature 

-65  to  +  150 

°C 

tL 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Packagel 
(Ceramic  DIP) 

260 
300 

°C 

*  Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
tDerating  -  Plastic  DIP:  -  10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -  10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjn  and 
Vout  should  be  constrained  to  the 
range  GND<(Vin  or  Vout)<VCC- 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  V^c*-  Unused 
outputs  must  be  left  open. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

vCc 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

tr.  'f 

Input  Rise  and  Fall  Time                        Vcc  =  2.0  V 
(Figure  1 1                                          VCc  =  4.5V 

VCC  =6.0  V 

0 

0 
0 

1000 
500 
400 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 


vcc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

Test  Conditions 

25°  C  to 
-55-C 

<8S°C 

<125°C 

Unit 

V|H 

Minimum  High-Level  Input 
Voltage 

Vout  =  0.1  Vor  VCC -0.1  V 
|i«Kit|s20*A 

2.0 
4.5 
6.0 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

V 

VlL 

Maximum  Low-Level  Input 
Voltage 

Vout  =  0.1  Vor  Vcc-0.1  V 
|lout|<20,<A 

2.0 
4.5 
6.0 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

V 

V0H 

Minimum  High-Level  Output 
Voltage 

Vin  =  V|HorVIL 
lloutl  =2°  ("A 

2.0 
4.5 
6.0 

1.9 
4.4 

5.9 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

V 

Vin  =  V|HorV|L  |lout|<6.0mA 
|lout|<7.8  mA 

4.5 
6.0 

3.98 
5.48 

3.84 
5.34 

3.70 
5.20 

vol 

Maximum  Low-Level  Output 
Voltage 

Vin  =  V|H  °r  VIL 
IWI  s20^ 

2.0 
4.5 
6.0 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

V 

Vin  =  V|H°'V|L  |lout|<6.0mA 
|lout|<7.8  mA 

4.5 
6.0 

0.26 
0.26 

0.33 
0.33 

0.40 

0.40 

hn 

Maximum  Input  Leakage  Current 

Vin  =  VcC  or  GND 

6.0 

±0.1 

±1.0 

±1.0 

*A 

loz 

Maximum  Three-State  Leakage 
Current 

Output  in  High-Impedance  State 
Vin  =  V|L  or  V|H 
V0ut  =  Vcc  °r  GND 

6.0 

±0.5 

±5.0 

±10.0 

/■A 

!CC 

Maximum  Quiescent  Supply 
Current  (per  Package) 

Vin  =  VcC  °r  GND 
lOut  =  0(^A 

6.0 

8 

80 

160 

•A 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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vcc 

Guaranteed  Limit 

e      k  I 

parameter 

25°C  to 

Unit 

V 

<85°C 

<125°C 

-55°C 

fmax 

Maximum  Clock  Frequency  (50%  Duty  Cycle) 

2.0 

6.0 

4.8 

4.0 

MHz 

(Figures  1  and  5) 

4.5 

30 

24 

20 

6.0 

35 

28 

24 

tPLH. 

Maximum  Propagation  Delay,  Clock  to  Q 

2.0 

175 

220 

265 

ns 

IPHL 

(Figures  1  and  51 

4.5 

35 

44 

53 

6.0 

30 

37 

45 

'PHL 

Maximum  Propagation  Delay,  Reset  to  Q 

2.0 

150 

190 

225 

ns 

(Figures  2  and  5) 

4.5 

30 

38 

45 

6.0 

26 

33 

38 

tpLZ. 

Maximum  Propagation  Delay,  Output  Enable  to  Q 

2.0 

150 

190 

225 

ns 

1PHZ 

(Figures  3  and  6) 

4.5 

30 

38 

45 

6.0 

26 

33 

38 

tPZL. 

Maximum  Propagation  Delay,  Output  Enable  to  Q 

2.0 

150 

190 

225 

ns 

tPZH 

(Figures  3  and  61 

4.5 

30 

38 

45 

6.0 

26 

33 

38 

TLH. 

Maximum  Output  Transition  Time,  Any  Output 

2.0 

60 

75 

90 

ns 

'THL 

(Figures  1  and  5) 

4.5 

12 

15 

18 

6.0 

10 

13 

15 

p. 
uin 

Maximum  Input  Capacitance 

10 

10 

10 

nF 

Cput 

Maximum  Three-State  Output  Capacitance  (Output  in  High-Impedance 

15 

15 

15 

PF 

State) 

NOTES: 

1.  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


Cpd 

Power  Dissipation  Capacitance  (Per  Flip-Flop) 

Typical  @  25°C.  VCC=5  0  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 

PD  =  CPD  vCC2f  +  'CC  VCC 

35 

pF 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

TIMING  REQUIREMENTS  (Input  tr  =  t(  =  6  ns) 


vCc 

Guaranteed  Limit 

Symbol 

Parameter 

25°C  to 

Unit 

V 

-55°C 

S85°C 

s125°C 

'su 

Minimum  Setup  Time,  Input  D  or  DE  to  Clock 

2.0 

100 

125 

150 

ns 

(Figure  4) 

4.5 

20 

25 

30 

6.0 

17 

21 

26 

th 

Minimum  Hold  Time,  Clock  to  Input  D  or  DE 

2.0 

3 

3 

3 

ns 

(Figure  4) 

4.5 

3 

3 

3 

6.0 

3 

3 

3 

tree 

Minimum  Recovery  Time,  Reset  Inactive  to  Clock 

2.0 

90 

115 

135 

ns 

(Figure  2) 

4.5 

18 

23 

27 

6.0 

15 

20 

23 

*w 

Minimum  Pulse  Width,  Clock 

2.0 

80 

100 

120 

ns 

(Figure  1) 

4.5 

16 

20 

24 

6.0 

14 

17 

20 

<w 

Minimum  Pulse  Width,  Reset 

2.0 

80 

100 

120 

ns 

(Figure  2) 

4.5 

16 

20 

24 

6.0 

14 

17 

20 

tr.  'f 

Maximum  Input  Rise  and  Fall  Times 

2.0 

1000 

1000 

1000 

ns 

(Figure  1) 

4.5 

500 

500 

500 

6.0 

400 

400 

400 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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MC54/74HC173 


PIN  DESCRIPTIONS 


INPUTS 

DO,  D1,  D2,  D3  (PINS  14,  13,  12,  11)  -  4-bit  data  inputs. 
Data  on  these  pins,  when  enabled  by  the  Data-Enable  Con- 
trols, are  entered  into  the  flip-flops  on  the  rising  edge  of  the 
clock. 

CLOCK  (PIN  7)  -  Clock  input. 
OUTPUTS 

QO,  Q1 ,  Q2,  Q3  (PINS  3,  4,  5,  61  -  3-state  registeroutputs. 
During  normal  operation  of  the  device,  the  outputs  of  the  D 
flip-flops  appear  at  these  pins.  During  3-state  operation,  these 
outputs  assume  a  high-impedance  state. 

CONTROL  INPUTS 
RESET  (PIN  15)  -  Asynchronous  reset  input.  A  high  level 


on  this  pin  resets  all  flip-flops  and  forces  the  Q  outputs  low, 
if  they  are  not  already  in  high-impedance  state. 

DEI,  DE2  (Pins  9,  10)  -  Active-low  Data  Enable  Control 
inputs.  When  both  Data  Enable  Controls  are  low,  data  at  the 
D  inputs  are  loaded  into  the  flip-flops  with  the  rising  edge  of 
the  Clock  input.  When  either  or  both  of  these  controls  are 
high,  there  is  no  change  in  the  state  of  the  flip-flops, 
regardless  of  any  changes  at  the  D  or  Clock  inputs. 

OE1,  OE2  (Pins  1,  2)  -  Output  Enable  Control  inputs. 
When  either  or  both  of  the  Output  Enable  Controls  are  high, 
the  Q  outputs  of  the  device  are  in  the  high-impedance  state. 
When  both  controls  are  low,  the  device  outputs  display  the 
data  in  the  flip-flops. 


FIGURE  1 


Clock 


SWITCHING  WAVEFORMS 


Reset 


tpHL- 


FIGURE2 
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FIGURE  3 


FIGURE  4 
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FIGURE  5  -  TEST  CIRCUIT 
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Device 
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FIGURE  6-  TEST  CIRCUIT 


Test  Point 


=r=CL* 


Connect  to  VcC  wnen 
testing  tpu?  and  tpzi. 
Connect  to  GND  when 
testing  tpH^  and  tpzH- 


*  Includes  all  probe  and  jig  capacitance. 


*  Includes  al!  probe  and  jig  capacitance 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL  DATA 


Hex  D  Flip-Flop  with  Common 
Clock  and  Reset 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC174  is  identical  in  pinout  to  the  LS174.  The  device  inputs  are 
compatible  with  standard  CMOS  outputs;  with  pullup  resistors,  they  are  compatible 
with  LSTTL  outputs. 

This  device  consists  of  six  D  flip-flops  with  common  Clock  and  Reset  inputs.  Each 
flip-flop  is  loaded  with  a  low-to-high  transition  of  the  Clock  input.  Reset  is  asyn- 
chronous and  active-low. 

•  Output  Drive  Capability:  10  LSTTL  Loads 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1  /*A 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  162  FETs  or  40.5  Equivalent  Gates 


MC54/74HC174 


J  SUFFIX 
CERAMIC 
CASE  620 


N  SUFFIX 
PLASTIC 
CASE  648 


D  SUFFIX 

SOIC 
CASE  751 


ORDERING  INFORMATION 

MC74HCXXXN  Plastic 
MC54HCXXXJ  Ceramic 
MC74HCXXXD  SOIC 

Ta  -  -  55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 


LOGIC  DIAGRAM 


Data 
Inputs 


DO 
D1 
D2 
D3 
D4 
D5 


Clock 


Reset 


3 

2 

4 

> 

5 

6 

7 

11 

10 

13 

12 

14 

15 

9 

1 

0 

Pin  16  =  Vrjc 
Pin  8  =  GND 


Q0 
Ql 
Q2 
Q3 
Q4 
Q5 


Noninverting 
Outputs 


PIN  ASSIGNMENT 


Reset 
Q0 
DO 
D1 
01 
D2 
Q2 

GND  | 


1  • 

3 
4 
5 

qe 

7 
8 


16  ) 
15  I 


14 

13 
12 
11 

lob 


vcc 

Q5 
1  D5 
]  D4 
]  Q4 
]  D3 
Q3 
I  Clock 


FUNCTION  TABLE 


Inputs 

Output 

Reset  Clock  D 

Q 

L        X  X 
H     _J~  H 
H     _T~  L 
H        L  X 
H  X 

L 

H 
L 

no  change 
no  change 
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Symbol 

Parameter 

Value 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

-0.5  to  +7.0 

V 

Vin 

DC  Input  Voltage  (Referenced  to  GND) 

-1.5  to  Vcc +1-5 

V 

Vout 

DC  Output  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc +  05 

V 

'in 

DC  Input  Current,  per  Pin 

±20 

mA 

'out 

DC  Output  Current,  per  Pin 

±25 

mA 

ice 

DC  Supply  Current,  Vqq  and  GND  Pins 

±50 

mA 

PD 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tstg 

Storage  Temperature 

-65  to  +150 

°C 

TL 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°c 

*Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
tDerating  -  Plastic  DIP:  -  10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -  10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjn  and 
Vout  should  be  constrained  to  the 
range  GND<<Vin  or  Voutl<VCC. 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  Vcc).  Unused 
outputs  must  be  left  open. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

vcc 

V 

Ta 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

«r.  tf 

Input  Rise  and  Fall  Time                          VCc  =  2.0V 
(Figure  1)                                          VCc  =  4.5V 

VCC  =6.0  V 

0 
0 
0 

1000 
500 
400 

ns 

DC  ELECTRICAL  CHARACTERISTICS  [Voltages  Referenced  to  GND) 


Symbol 

Parameter 

Test  Conditions 

Vcc 

V 

Guaranteed  Limit 

Unit 

25°  C  to 
-55°C 

<85°C 

<125°C 

V|H 

Minimum  High-Level  Input 
Voltage 

Vou,  =  0.1  Vor  VCC -0.1  V 
lloutlsMjiA 

2.0 
4.5 
6.0 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

V 

V|L 

Maximum  Low-Level  Input 
Voltage 

Vout  =  0.1  Vor  VCC -0.1  V 
|lout|s20^A 

2.0 
4.5 
6.0 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

V 

VOH 

Minimum  High-Level  Output 
Voltage 

vin  =  V|H  or  V|L 
|lou,|<20,iA 

2.0 
4.5 
6.0 

1.9 
4.4 

5.9 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

V 

Vin  =  V|H°tV|L  |lout|s4.0mA 
|lout|s5.2  mA 

4.5 
6.0 

3.98 
5.48 

3.84 
5.34 

3.70 
5.20 

vol 

Maximum  Low-Level  Output 
Voltage 

Vin  =  V|H  or  V,L 
|lOut!^20^A 

2.0 
4.5 
6.0 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

V 

Vin  =  V|HorV,L  |lout|<4.0mA 
1  lout!  s  5.2  mA 

4.5 
6.0 

0.26 
0.26 

0.33 
0.33 

0.40 
0.40 

l,n 

Maximum  Input  Leakage  Current 

Vin  =  Vcc  or  GND 

6.0 

±0.1 

±1.0 

±10 

(■A 

!CC 

Maximum  Quiescent  Supply 
Current  (per  Package) 

Vin  =  VCC  or  GND 
lOut  =  0/iA 

6.0 

8 

80 

160 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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MC54/74HC174 


AC  ELECTRICAL  CHARACTERISTICS  ICL=50  pF,  Input  tr  =  tf  =  6  ns) 


Vcc 
V 

Guaranteed  Limit 

Symbol 

Parameter 

25°C  to 

s8S°C 

<125°C 

Unit 

-55°C 

f 

max 

Maximum  Clock  Frequency  (50%  Duty  Cycle) 

2.0 

6.0 

4.8 

4.0 

MHz 

(Figures  1  and  4) 

4.5 

30 

24 

20 

6.0 

35 

28 

24 

*PLH' 

Maximum  Propagation  Delay,  Clock  to  Q 

2.0 

165 

205 

250 

ns 

'PHL 

(Figures  1  and  4) 

4.5 

33 

41 

50 

6.0 

28 

35 

43 

'PHL 

Maximum  Propagation  Delay,  Reset  to  Q 

2.0 

165 

205 

250 

ns 

(Figures  2  and  4) 

4.5 

33 

41 

50 

6.0 

28 

35 

43 

•tlh. 

Maximum  Output  Transition  Time,  Any  Output 

2.0 

75 

95 

110 

ns 

Thl 

(Figures  1  and  4) 

4.5 

15 

19 

22 

6.0 

13 

16 

19 

Cin 

Maximum  Input  Capacitance 

10 

10 

10 

pF 

NOTES: 

1.  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


CPD 

Power  Dissipation  Capacitance  (Per  Flip-Flop) 

Typical  @  25°C,  Vcc  =  5.0  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 

PD  =  CPD  Vcc2f  +  lcc  Vcc 

35 

pF 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

TIMING  REQUIREMENTS  (Input  tr  =  tf  =  6  nsl 


vcc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

25°  C  to 
-55°C 

<85°C 

<125°C 

Unit 

tsu 

Minimum  Setup  Time,  Data  to  Clock 
(Figure  3) 

2.0 
4.5 
6.0 

100 
20 
17 

125 
25 
21 

150 
30 
26 

ns 

'h 

Minimum  Hold  Time,  Clock  to  Data 
(Figure  3) 

2.0 
4.5 
6.0 

5 

5 
5 

5 

5 
5 

5 
5 
5 

ns 

'rec 

Minimum  Recovery  Time,  Reset  Inactive  to  Clock 
(Figure  21 

2.0 
4.5 

6.0 

5 
5 
5 

5 
5 
5 

5 

5 
5 

ns 

tw 

Minimum  Pulse  Width,  Clock 
(Figure  1) 

2.0 
4.5 
6.0 

80 
16 
14 

100 
20 
17 

120 
24 
20 

ns 

tw 

Minimum  Pulse  Width,  Reset 
(Figure  2) 

2.0 
4.5 
6.0 

80 
16 
14 

100 
20 
17 

120 
24 
20 

ns 

tr.  'f 

Maximum  Input  Rise  and  Fall  Times 
(Figure  1) 

2.0 
4.5 
6.0 

1000 
500 
400 

1000 
500 
400 

1000 
500 
400 

ns 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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FIGURE4  —  TESTCIRCUIT 
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*  Includes  all  probe  and  jig  capacitance. 


EXPANDED  LOGIC  DIAGRAM 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL  DATA 


Quad  D  Flip-Flop  with  Common 
Clock  and  Reset 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC175  is  identical  in  pinout  to  the  LS175  The  device  inputs  are 
compatible  with  standard  CMOS  outputs;  with  pullup  resistors,  they  are  compatible 
with  LSTTL  outputs. 

This  device  consists  of  four  D  flip-flops  with  common  Reset  and  Clock  inputs, 
and  separate  D  inputs.  Reset  lactive-lowl  is  asynchronous  and  occurs  when  a  low 
level  is  applied  to  the  Reset  input.  Information  at  a  D  input  is  transferred  to  the 
corresponding  Q  output  on  the  next  positive-going  edge  of  the  Clock  input. 

•  Output  Drive  Capability:  10  LSTTL  Loads 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1  fiA 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  166  FETs  or  41 .5  Equivalent  Gates 


LOGIC  DIAGRAM 
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MC54/74HC175 


J  SUFFIX 
CERAMIC 
CASE  620 


N  SUFFIX 
PLASTIC 
CASE  648 


D  SUFFIX 

SOIC 
CASE  751 


ORDERING  INFORMATION 

MC74HCXXXN  Plastic 
MC54HCXXXJ  Ceramic 
MC74HCXXXD  SOIC 

T^=  -55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 


PIN  ASSIGNMENT 


Reset 
QO 

do 

DO 
D1 
QT 
Q1 
GND 


[  1  • 

C  2 
[  3 

b 
6 

7 

ds 


1  vCc 

]  Q3 
]  03 
]  D3 
]  D2 
]  02 
]  Q2 
I  Clock 


FUNCTION  TABLE 


Inputs 

Outputs 

Reset  Clock  D 

Q  Q" 

L        X  X 

h   _r~  h 

H     —T~  L 
H        L  X 

L  Ft 
H  L 
L  H 
no  change 
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Symbol 

Parameter 

Value 

Unit 

VCC 

DC  Supply  Voltage  (Referenced  to  GND) 

—  0.5  to  +7.0 

V 

Vin 

DC  Input  Voltage  (Referenced  to  GND) 

-  1 .5  to  Vqq  +  1  .b 

V 

V0ut 

DC  Output  Voltage  (Referenced  to  GND) 

—  0.5  to  Vrjc  +  0.5 

V 

Hs 

DC  Input  Current,  per  Pin 

±20 

mA 

'out 

DC  Output  Current,  per  Pin 

±  25 

!cg 

DC  Supply  Current,  \ZqC  and  GND  pins 

±50 

mA 

PD 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tstg 

Storage  Temperature 

-65  to  +150 

°C 

TL 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°C 

*Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
TDerating  -  Plastic  DIP:  -10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -  10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjn  and 
VOU{  should  be  constrained  to  the 
range  GND  <  (Vin  or  Vout)  < VqC- 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  Vcc)-  Unused 
outputs  must  be  left  open. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

VCC 

V 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

tr.  «f 

Input  Rise  and  Fall  Time  Vcc=2.0V 
(Figure  1)                                              VCC  =  4.5V 

VCC  =6.0  V 

0 
0 
0 

1000 
500 
400 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 

Symbol 

Parameter 

Test  Conditions 

vcc 

V 

Guaranteed  Limit 

Unit 

25°  C  to 
-55°C 

£85°C 

<125°C 

V|H 

Minimum  High-Level  Input 
Voltage 

Vout  =  0.1  Vor  Vcc-0.1  V 
llout^O^A 

2.0 
4.5 
6.0 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

V 

VlL 

Maximum  Low-Level  Input 
Voltage 

Vout  =  0.1  Vor  Vcc-0.1  V 
|lout|<20,.A 

2.0 
4.5 
6.0 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

V 

V0H 

Minimum  High-Level  Output 
Voltage 

vin  =  V|H  or  V|L 
|lout|<20»iA 

2.0 
4.5 
6.0 

1.9 

4.4 
5.9 

1.9 
4.4 
5.9 

1.9 

4.4 
5.9 

V 

Vin  =  V|HorV|L  |lout|s4.0mA 
Houtl  =s  5-2  mA 

4.5 
6.0 

3.98 
5.48 

3.84 
5.34 

3.70 
5.20 

vol 

Maximum  Low-Level  Output 
Voltage 

Vin  =  V|H  or  V|L 
|lout|s20MA 

2.0 
4.5 
6.0 

0.1 
0.1 
0.1 

0.1 

0.1 
0.1 

0.1 

0.1 
0.1 

V 

Vin  =  V|H°rV,L  |lout|s4.0mA 
lout|<5.2  mA 

4.5 
6.0 

0.26 
0.26 

0.33 
0.33 

0.40 
0.40 

•in 

Maximum  Input  Leakage  Current 

Vin  =  VCC  or  GND 

6.0 

+  0.1 

+  1.0 

±1.0 

/•A 

ice 

Maximum  Quiescent  Supply 
Current  (per  Package) 

Vin  =  VCC  °r  GND 
lOut  =  0/'A 

6.0 

8 

80 

160 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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AC  ELECTRICAL  CHARACTERISTICS  [CL  =  50  pF,  Input  tr  =  tf  =  6  ns) 


vCc 

Guaranteed  Limit 

Symbol 

Parameter 

25°C  to 

s125°C 

Unit 

V 

<85°C 

-55°C 

'max 

Maximum  Clock  Frequency  (50%  Duty  Cycle) 

2.0 

6.0 

4.8 

4.0 

MHz 

(Figures  1  and  4) 

4.5 

30 

24 

20 

6.0 

35 

28 

24 

'PLH. 

 .  •  — —  — • — —  

Maximum  Propagation  Delay,  Clock  to  Q  or  Q 

2.0 

150 

190 

225 

ns 

tpHL 

(Figures  1  and  4) 

4.5 

30 

38 

45 

6.0 

26 

33 

38 

'PHL 

Maximum  Propagation  Delay,  Reset  to  Q  or  Q 

2.0 

125 

155 

190 

ns 

(Figures  2  and  4) 

4.5 

25 

31 

38 

6.0 

21 

26 

32 

tTLH. 

Maximum  Output  Transition  Time,  Any  Output 

2.0 

75 

95 

110 

ns 

1THL 

(Figures  1  and  4) 

4.5 

15 

19 

22 

6.0 

13 

16 

19 

Cin 

Maximum  Input  Capacitance 

10 

10 

10 

pF 

NOTES: 

1 .  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


Power  Dissipation  Capacitance  (Per  Fiip-Flop) 

Typical  @ 

25°C.  VCC  =  5.0  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 
PD  =  CPD  VCC2*+ICC  VCC 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

35 

pF 

TIMING  REQUIREMENTS  (Input  tr  =  tf  =  6  ns) 


VCC 

Guaranteed  Limit 

Symbol 

Parameter 

25°C  to 

Unit 

V 

-55°C 

<85°C 

<125°C 

hu 

Minimum  Setup  Time,  Data  to  Clock 

2.0 

100 

125 

150 

ns 

(Figure  3) 

4.5 

20 

25 

30 

6.0 

17 

21 

26 

th 

Minimum  Hold  Time,  Clock  to  Data 

2.0 

3 

3 

3 

ns 

(Figure  3) 

4.5 

3 

3 

3 

6.0 

3 

3 

3 

Vec 

Minimum  Recovery  Time,  Reset  Inactive  to  Clock 

2.0 

100 

125 

150 

ns 

(Figure  2) 

4.5 

20 

25 

30 

6.0 

17 

21 

26 

tw 

Minimum  Pulse  Width,  Clock 

2.0 

80 

100 

120 

ns 

(Figure  1) 

4.5 

16 

20 

24 

6.0 

14 

17 

20 

tw 

Minimum  Pulse  Width,  Reset 

2.0 

80 

100 

120 

ns 

(Figure  21 

4.5 

16 

20 

24 

6.0 

14 

17 

20 

'r.  'f 

Maximum  Input  Rise  and  Fall  Times 

2.0 

1000 

1000 

1000 

ns 

(Figure  11 

4.5 

500 

500 

500 

6.0 

400 

400 

400 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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SWITCHING  WAVEFORMS 
FIGURE  1  FIGURE  2 


Data 


Clock 


FIGURE4 

-  TEST  CIRCUIT 

Test  Point 

Output 

Device 

Under 

r 

Test 

*  Includes  all  probe  and  jig  capacitance. 
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EXPANDED  LOGIC  DIAGRAM 
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4-Bit  Bidirectional  Universal 
Shift  Register 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC194  is  identical  in  pinout  to  the  LS194  and  the  MC14194B  metal 
gate  CMOS  device.  The  device  inputs  are  compatible  with  standard  CMOS  outputs; 
with  pull-up  resistors,  they  are  compatible  with  LSTTL  outputs. 

This  static  shift  register  features  parallel  load,  serial  load  (shift  right  and  shift  left), 
hold,  and  reset  modes  of  operation.  These  modes  are  tabulated  in  the  Function 
Table,  and  further  explanation  can  be  found  in  the  Pin  Description  section. 

•  Output  Drive  Capability:  10  LSTTL  Loads 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity.  164  FETs  or  41  Equivalent  Gates 


LOGIC  DIAGRAM 


Serial  [sA  — 
Data  \ 


Mode 
Select 


VCc=Pin  16 
GND=  Pin  8 


J  SUFFIX 
CERAMIC 
CASE  620 


N  SUFFIX 
PLASTIC 
CASE  648 


O  SUFFIX 

SOIC 
CASE  751 


ORDERING  INFORMATION 

MC74HCXXXN  Plastic 
MC54HCXXXJ  Ceramic 
MC74HCXXXD  SOIC 

TA  =  -  55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 


PIN  ASSIGNMENT 

Reset  1 

1  • 

16 

J  vcc 

SA[ 

2 

15 

1  Qa 

A[ 

3 

14 

J  Qb 

Bl 

4 

13 

]  Qc 

cc 

5 

12 

1  Qd 

DC 

6 

11 

]  Clock 

SDt 

7 

10 

]  S1 

GND  C 

8 

9 

1  SO 

FUNCTION  TABLE 


Inputs 

Outputs 

Mode 

Serial 

Parallel 

Select 

Data 

Data 

Operating 

Reset 

SI  SO 

Clock 

SD 

SA 

A 

B 

C 

D 

0-A 

Qb 

Qc 

Qd 

Mode 

L        L        L  L 

Reset 

abed 

Parallel  Load 

H 

L  H 

X 

H 

X 

X 

X 

X 

H 

QAn 

QBn 

QCn 

Shift  Right 

H 

L  H 

X 

L 

X 

* 

N 

L 

QAn 

QBn 

QCn 

H 

H  L 

_r 

H 

X 

X 

X 

x 

■ 

QBn 

QCn 

QDn 

H 

Shift  Left 

H 

H  L 

-T 

L 

X 

X 

X 

X 

X 

QBn 

QCn 

QDn 

L 

H 

L  L 

X 

X 

X 

X 

X 

X 

X 

no  change 

Hold 

H 

X  X 

L 

X 

X 

X 

X 

X 

X 

no  change 

H 

X  X 

H 

X 

X 

X 

X 

X 

X 

no  change 

H=  high  level  (steady  state) 
L  =  low  level  (steady  state) 
X  =  don't  care 

-f~=  transition  from  low  to  high  I 


a,  b,  c,  d=the  level  of  steady-state  input  at 
inputs  A,  B,  C,  or  D,  respectively. 

QAn.  QBn.  QCn-  QDn  = 'he  level  of  QA,  QB, 
QC,  or  Qq,  respectively,  before  the  most- 
recent  ./"transition  of  the  clock. 
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MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

-0.5  to  +7.0 

V 

Vin 

DC  Input  Voltage  (Referenced  to  GND) 

- 1.5  to  Vcc+1-5 

V 

Vout 

DC  Output  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc  +0.5 

V 

■in 

DC  Input  Current,  per  Pin 

±20 

mA 

'out 

DC  Output  Current,  per  Pin 

±25 

mA 

ice 

DC  Supply  Current,  Vcc  and  GND  Pins 

±50 

mA 

PD 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tstq 

Storage  Temperature 

-65  to  +150 

°C 

TL 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°C 

*  Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
tDerating  -  Plastic  DIP:  -10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -  10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjn  and 
Vout  should  be  constrained  to  the 
range  GND<(Vin  or  Vout)<VCC. 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  Vcc).  Unused 
outputs  must  be  left  open. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

vcc 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°C 

tr.  tf 

Input  Rise  and  Fall  Time                            Vcc  =  2.0  V 
(Figure  1)                                          VCc  =  4.5V 

VCC  =  6.0  V 

0 
0 
0 

1000 
500 
400 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 


vcc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

Test  Conditions 

25°C  to 
-55°C 

<85°C 

<125°C 

Unit 

V|H 

Minimum  High-Level  Input 
Voltage 

Vout  =  0.1  Vor  VCC 
lloutl  £20  MA 

-0.1  V 

2.0 
4.5 
6.0 

1.5 
3.15 
4.2 

1.6 
3.15 
4.2 

1.5 
3.15 
4.2 

V 

Mil 

Maximum  Low-Level  Input 
Voltage 

Vout  =  0.1  Vor  VCC 
|lout|s20^A 

-0.1  V 

2.0 
4.5 
6.0 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

V 

V0H 

Minimum  High-Level  Output 
Voltage 

Vin  =  V|H  or  V|L 
|lout|<20,<A 

2.0 
4.5 
6.0 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

1.9 
4.4 

5.9 

V 

Vin  =  V|H  or  V,L 

|lout|  S4.0  mA 
|l0utl  £5.2  mA 

4.5 

6.0 

3.98 
5.48 

3.84 
5.34 

3.70 
5.20 

vol 

Maximum  Low-Level  Output 
Voltage 

Vin=V|H  or  V,L 
Houtls20„A 

2.0 
4.5 
6.0 

0.1 

0.1 
0.1 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

V 

Vin  =  V|H  or  V|L 

|lou,|<4.0  mA 
[I0ut|s5.2  mA 

4.5 
6.0 

0.26 
0.26 

0.33 
0.33 

0.40 
0.40 

'in 

Maximum  Input  Leakage  Current 

Vin  =  VCC  or  GND 

6.0 

±0.1 

±10 

±1.0 

ice 

Maximum  Quiescent  Supply 
Current  (per  Package) 

Vin  =  VCC  or  GND 
lOut  =  0>A 

6.0 

8 

80 

160 

«A 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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AC  ELECTRICAL  CHARACTERISTICS  (CL  =  50  pF,  Input  tr  =  tf  =  6  ns) 


vcc 

V 

Gu 

aranteed  Limit 

Symbol 

Parameter 

25°C  to 
-55"C 

<  85  °  C 

<125°C 

Unit 

'max 

Maximum  Clock  Frequency  150%  Duty  Cyclel 
(Figures  1  and  41 

2.0 
4.5 
6.0 

6.0 
30 
35 

4.8 
24 
28 

4.0 
20 
24 

MHz 

tPLH. 
'PHL 

Maximum  Propagation  Delay,  Clock  to  Q 
(Figures  1  and  4) 

2.0 
4.5 
6.0 

145 
29 
25 

180 
36 
31 

220 
44 
38 

ns 

<PHL 

Maximum  Propagation  Delay,  Reset  to  Q 
(Figures  2  and  4) 

2.0 
4.5 
6.0 

150 
30 
26 

190 
38 
33 

225 
45 
38 

ns 

'TLH. 
<THL 

Maximum  Output  Transition  Time,  Any  Output 
(Figures  1  and  4) 

2.0 
4.5 
6.0 

75 
15 
13 

95 
19 
16 

110 
22 
19 

ns 

Cin 

Maximum  Input  Capacitance 

10 

10 

10 

pF 

NOTES: 

1.  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2,  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 

CPD 

Power  Dissipation  Capacitance  (Per  Package) 

Typical  ( 

2  25°C,  VCC  =  5.0  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 
PD  =  CPD  Vcc2f+lcc  Vcc 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

90 

pF 

TIMING  REQUIREMENTS  (Input  tr  =  tf  =  6  ns] 

vcc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

25°C  to 
-55°C 

<85°C 

Unit 

<su 

Minimum  Setup  Time,  Parallel  Data  Inputs  to  Clock 
(Figure  3) 

2.0 
4.5 
6.0 

100 
20 
17 

125 
25 
21 

150 
30 
26 

ns 

lsu 

Minimum  Setup  Time,  S1  to  SO  to  Clock 
(Figure  3) 

2.0 
4.5 
6.0 

100 
20 
17 

125 
25 
21 

150 
30 
26 

ns 

'su 

Minimum  Setup  Time,  Sa  or  Srj  to  Clock 
(Figure  3) 

2.0 
4.5 
6.0 

100 
20 
17 

125 
25 
21 

150 
30 
26 

ns 

th 

Minimum  Hold  Time,  Clock  to  any  Input  (except  Reset) 
(Figure  3) 

2.0 
4.5 
6.0 

3 
3 
3 

3 
3 
3 

3 
3 
3 

ns 

(rec 

Minimum  Recovery  Time,  Reset  Inactive  to  Clock 
(Figure  2) 

2.0 
4.5 
6.0 

5 
5 

5 

5 
5 
5 

5 
5 
5 

ns 

'w 

Minimum  Pulse  Width,  Clock 
(Figure  1) 

2.0 
4.5 
6.0 

SO 
16 
14 

100 
20 
17 

120 
24 
20 

ns 

tw 

Minimum  Pulse  Width,  Reset 
(Figure  2) 

2.0 
4.5 
6.0 

80 
16 
14 

100 
20 
17 

120 
24 
20 

ns 

fc  tf 

Maximum  Input  Rise  and  Fall  Times 
(Figure  1) 

2.0 
4.5 
6.0 

1000 
500 
400 

1000 
500 
4O0 

1000 
500 
400 

ns 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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PIN  DESCRIPTIONS 


DATA  INPUTS 
A.  B,  C.  D  (PINS  3.  4,  5.  6)  -  Parallel  data  inputs. 
Sa(PIN2I  -  Serial-data  input  when  using  shift-right  mode. 
Sq  (PIN  7)  —  Serial-data  input  when  using  shift-left  mode. 


OUTPUTS 

QA.  O.B.  Qc.  QD  <P'NS  15.  14,  13.  12) 

outputs. 


Parallel  data 


CONTROL  INPUTS 

CLOCK  (PIN  11)  -  Clock  Input.  The  shift  register  is 
completely  static,  allowing  Clock  rates  down  to  DC  in  a 
continuous  or  intermittent  mode. 

RESET  (PIN  1)  -  A  low  level  applied  to  this  pin  resets  all 
stages  and  forces  all  outputs  low. 


SO,  SI  (PINS  9,  10)  -  Mode-select  inputs.  These  inputs 
control  the  mode  of  operation  as  described  in  the  function 
table  and  below. 

Parallel  Load  Mode  (S1  =  H,  S0  =  H)  -  Data  is  loaded 
into  the  device  with  a  positive  transition  of  the  Clock  input. 

Shift  Right  Mode  (S1  =  L,  S0=H)  -  With  a  positive 
transition  of  the  Clock  input,  each  bit  is  shifted  right  (in  the 
direction  Qa  toward  Qq)  one  stage  and  data  on  the  Sa  Serial 
Data  Input  is  shifted  into  stage  A. 

Shift  Left  Mode  (S1  =  H,  S0  =  L)  -  With  a  positive 
transition  of  the  Clock  input,  each  bit  is  shifted  left  (in  the 
direction  Qq  toward  Qa)  one  stage  and  data  on  the  Sq  Serial 
Data  Input  is  shifted  into  stage  D. 

Hold  Mode  (SI  =  L,  S0  =  L)  -  Outputs  are  held. 


SWITCHING  WAVEFORMS 


FIGURE  1 


FIGURE  2 


Jh«-tr       *j  h«-t| 
5o%      \  y 


 ^fmax  

-tPLH  tpHL- 
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GND 
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50%   I  I 
10%  jT  Tl_ 

— H    {-*—  'TLH  tTHL— H  U— 


m — tw — 

r50%  , 

Reset  3 
<PHL— *1 

t 

^50% 

tree — »■ 

Clock 


50%; 


vec 

GND 


VCC 
GND 


Data  or  Mode 


U—  tsu    »|«  'h— H 


vec 


GND 


VCC 


GND 


FIGURE 4  -  TEST  CIRCUIT 

Test  Point 


Device 
Under 
Test 


Output 


*  Includes  all  probe  and  jig  capacitance 
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EXPANDED  LOGIC  DIAGRAM 


Parallel  Data  Outputs 


MC54/74HC194 


TIMING  DIAGRAM 


Clock 


_nji_pjnjnjTJTjnjiJiJ^ 


Mode-  I  go 
Select 

Inputs   |  S1 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL  DATA 


4-Bit  Universal  Shift  Register 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC195  is  identical  in  pinout  to  the  LS195.  The  device  inputs  are 
compatible  with  standard  CMOS  outputs;  with  pull-up  resistors,  they  are  compatible 
with  LSTTL  outputs. 

This  static  shift  register  features  parallel  load,  serial  load  (shift  right),  hold,  and 
reset  modes  of  operation.  These  modes  are  tabulated  in  the  Function  Table,  and 
further  explanation  can  be  found  in  the  Pin  Description  section. 


Output  Drive  Capability:  10  LSTTL  Loads 

Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

Operating  Voltage  Range:  2  to  6  V 

Low  Input  Current:  1  /iA 

High  Noise  Immunity  Characteristic  of  CMOS  Devices 

In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

Chip  Complexity:  150  FETs  or  37.5  Equivalent  Gates 


Serial  Data 
Inputs 


LOGIC  DIAGRAM 


Parallel 
Data 
Inputs 


Clock 

Serial  Shift/ 
Parallel  Load 

Reset 


2 
3 

15 

Qa 

4 

14 

Ob 

5 

Qc 

6 

_L 

12 

Qd 

10 

> 

11 

Qd 

Parallel 
Data 
Outputs 


Pin  16  =  Vcc 
Pin  8  =  GND 


MC54/74HC195 


J  SUFFIX 
CERAMIC 
CASE  620 


N  SUFFIX 
PLASTIC 
CASE  648 


D  SUFFIX 

SOIC 
CASE  751 


ORDERING  INFORMATION 

MC74HCXXXN  Plastic 
MC54HCXXXJ  Ceramic 
MC74HCXXXD  SOIC 

T/v=  -55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 


PIN  ASSIGNMENT 


Reset 
J 
K 
A 
B 
C 
D 

GND 


1  • 

2 
3 
4 

5 


I  1 


ivcc 

]QA 

>Qb 

]QC 
J  Qfj 

IQd 

J  Clock 

,  Serial  Shift/ 


FUNCTION  TABLE 


Reset 


Shift/ 
Load 


Inputs 


Clock 


Serial 


J  K 


A  B  C  D 


Outputs 


Qa    Qb    Qc    Qp  Q-d 


Operating  Mode 


Reset 


X  X 


X  XXX 


no  change 


Hold 


L  H 

L  L 

H  H 

H  L 


X  X  X  X 

X  X  X  X 

X  X  X  X 

X  X  X  X 


QAO  QAO  Qfln  QCn  5cn 

I-  °An  QBn  QCn  °Cn 

_H  O-An  QBn  QCn  QCn 

QAn  Q-An  QBn  QCn  QCn 


Retain  First  Stage 
Beset  First  Stage 
Set  First  Stage 
Toggle  First  Stage 


Serial 
Shift 


H  =  high  level  (steady  state! 
L=  low  level  (steady  state) 
X=  don't  care 

-f~=  transition  from  low  to  high  level 
a,  b,  c,  d=the  level  of  steady-state 

input  at  inputs  A,  B,  C,  or  D, 

respectively. 


Q Aq  =  the  level  ot  Q a  before  the 
indicated  steady-state  input  condi- 
tions were  established. 

QAn-  QBn.  Qcn  =  'he  level  of  Qa, 
Qg,  or  Qc,  respectively,  before  the 
most-recent  _T~  transition  of  the 
clock. 
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MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

VCC 

DC  Supply  Voltage  (Referenced  to  GNDI 

0  5  to  -  7.0 

V 

vin 

input  vUlldyc  \  ncTclGilCtJU  lO  UlNL/f 

-  1.5  to  Vqc  +  1.5 

V 

Vout 

DC  Output  Voltage  (Referenced  to  GNDI 

-0.5  to  Vcc  +  0-5 

V 

'in 

DC  input  Current,  per  Ptn 

±20 

mA 

'out 

DC  Output  Current,  per  Pin 

+  25 

mA 

'CC 

DC  Supply  Current,  Vqc  and  GND  Pins 

+  50           [  mA 

PD 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPT 
SOIC  Packaget 

750 
500 

mW 

Tstq 

Storage  Temperature 

-65  to  +150 

°C 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°C 

*Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
tDerating  -  Plastic  DIP:  -  10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -  10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjn  and 
Vout  should  be  constrained  to  the 
range  GND<(Vin  or  Vout)<VCc 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  V^C*-  Unused 
outputs  must  be  left  open. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vCc 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GNDI 

0 

vCc 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

tr.  tf 

Input  Rise  and  Fall  Time                          Vcc  =  2.0V 
(Figure!)  VCc=4.5V 

Vcc  =  6.0  V 

0 
0 
0 

1000 
500 
400 

ns 

DC  ELECTRICAL  CHARACTERISTICS  [Voltages  Referenced  to  GND) 


VCC 

Guaranteed  Limit 

Symbol 

Parameter 

Test  Conditions 

25°C  to 

Unit 

V 

<85»C 

<125"C 

-55°C 

V|H 

Minimum  High-Level  Input 

Vout  =  0.1  Vor  VCC 

-0.1  V 

2.0 

1.5 

1.5 

1.5 

V 

Voltage 

Noutl  £20  nA 

4.5 

3.15 

3.15 

3.15 

6.0 

4.2 

4.2 

4.2 

VlL 

Maximum  Low-Level  Input 

Vout  =  0.1  Vor  VCC 

-0.1  V 

2.0 

0.3 

0.3 

0.3 

V 

Voltage 

Houtls20MA 

4.5 

0.9 

0.9 

0.9 

6.0 

1.2 

1.2 

1.2 

VOH 

Minimum  High-Level  Output 

Vin  =  V|H  or  V|L 

2.0 

1.9 

1.9 

1.9 

V 

Voltage 

|lout|s20/iA 

4.5 

4.4 

4.4 

4.4 

6.0 

5.9 

5.9 

5.9 

Vin  =  V|H  or  VIL 

|lout|<4.0  mA 

4.5 

3.98 

3.84 

3.70 

l'out|s5.2  mA 

6.0 

5.48 

5.34 

5.20 

vol 

Maximum  Low-Level  Output 

Vin  =  V|H  or  VIL 

2.0 

0.1 

0.1 

0.1 

V 

Voltage 

|lout|<20„A 

4.5 

0.1 

0.1 

0.1 

6.0 

0.1 

0.1 

0.1 

Vin  =  V|H  or  V|L 

|lout|  <4.0  mA 

4.5 

0.26 

0.33 

0.40 

|lout|<5.2  mA 

6.0 

0.26 

0.33 

0.40 

'in 

Maximum  Input  Leakage  Current 

Vin  =  Vcc  or  GND 

6.0 

+  0.1 

±1.0 

±1.0 

uA 

ice 

Maximum  Quiescent  Supply 

Vin  =  Vcc  or  GND 

6.0 

8 

80 

160 

^A 

Current  (per  Package) 

lOut  =  0/iA 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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symDoi 

parameter 

V 

25°C  to 

s85°C 

s125°C 

unit 

-55°C 

*max 

Maximum  Clock  Frequency  (50%  Duty  Cycle) 

2.0 

6.0 

4.8 

4.0 

MHz 

(Figures  1  and  5) 

4.5 

30 

24 

20 

6.0 

35 

28 

24 

«PLH. 

Maximum  Propagation  Delay,  Clock  to  any  Q  or  Qrj 

2.0 

145 

180 

220 

ns 

tPHL 

(Figures  1  and  5) 

4.5 

29 

36 

44 

6.0 

25 

31 

38 

tPLH. 

Maximum  Propagation  Delay,  Reset  to  any  Q  or  Qq 

2.0 

150 

190 

225 

ns 

tPHL 

(Figures  2  and  5) 

4.5 

30 

38 

45 

6.0 

26 

33 

38 

<TEr* 

Maximum  Output  Transition  Time,  Any  Output 

2.0 

75 

95 

110 

ns 

tTHL 

(Figures  1  and  5) 

4.5 

15 

19 

22 

6.0 

13 

16 

19 

Cin 

Maximum  Input  Capacitance 

10 

10 

10 

pF 

NOTES: 

1.  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


CPD 

Power  Dissipation  Capacitance  (Per  Package) 

Typical  @  25°C.  Vcc  =  s  0  v 

Used  to  determine  the  no-load  dynamic  power  consumption: 

PD  =  CpD  VCC2f+lCC  VCC 

95 

PF 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

TIMING  REQUIREMENTS  (Input  tr  =  tf  =  6  nsl 


vCc 

Guaranteed  Limit 

Symbol 

Parameter 

25°  C  to 

Unit 

V 

-55°C 

<85°C 

<125°C 

tsu 

Minimum  Setup  Time,  A,  B,  C,  D,  J,  or  K  to  Clock 

2.0 

100 

125 

150 

ns 

(Figure  3) 

4.5 

20 

25 

30 

6.0 

17 

21 

26 

«su 

Minimum  Setup  Time,  Serial  Shift/ Parallel  Load  to  Clock 

2.0 

100 

125 

150 

ns 

(Figure  4) 

4.5 

20 

25 

30 

6.0 

17 

21 

26 

& 

Minimum  Hold  Time,  Clock  to  A,  B,  C,  D,  J,  or  K 

2.0 

3 

3 

3 

ns 

(Figure  3) 

4.5 

3 

3 

3 

6.0 

3 

3 

3 

th 

Minimum  Hold  Time,  Clock  to  Serial  Shift/ Parallel  Load 

2.0 

3 

3 

3 

ns 

(Figure  4) 

4.5 

3 

3 

3 

6.0 

3 

3 

3 

tree 

Minimum  Recovery  Time,  Reset  Inactive  to  Clock 

2.0 

5 

5 

5 

ns 

(Figure  2) 

4.5 

6 

5 

5 

6.0 

5 

5 

5 

*w 

Minimum  Pulse  Width,  Clock 

2.0 

80 

100 

120 

ns 

(Figure  1) 

4.5 

16 

20 

24 

6.0 

14 

17 

20 

tw 

Minimum  Pulse  Width,  Reset 

2.0 

80 

100 

120 

ns 

(Figure  21 

4.5 

16 

20 

24 

6.0 

14 

17 

20 

tr-  tf 

Maximum  Input  Rise  and  Fall  Times 

2.0 

1000 

1000 

1000 

ns 

(Figure  11 

4.5 

500 

500 

500 

6.0 

400 

400 

400 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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PIN  DESCRIPTION 


DATA  INPUTS 
A,  B.  C.  D  (PINS  4,  5,  6.  7)  -  Parallel  data  inputs. 

OUTPUTS 

QA.  0-B.  O-O  QD.  QD  (PINS  15, 14, 13, 12, 11)  -  Parallel 
data  outputs. 

CONTROL  INPUTS 

CLOCK  (PIN  10)  -  Clock  input.  The  shift  register  is 
completely  static,  allowing  Clock  rates  down  to  DC  in  a 
continuous  or  intermittent  mode. 

SERIAL  SHIFT/PARALLEL  LOAD  (PIN  9)  -  Shift  or  load 
control.  A  low  level  applied  to  this  pin  allows  data  to  be  loaded 
from  the  parallel  inputs.  Data  is  loaded  with  the  positive 
transition  of  the  Clock  input.  A  high  level  a]lows  data  to  be 
shifted  in  the  manner  dictated  by  the  J  and  K  control  inputs. 


RESET  (PIN  1)  -  A  low  level  applied  to  this  pin  resets  all 
stages_  and  forces  all  outputs  low.   

J,  K  (PINS  2,  3)  -  Shift  Control.  With  Serial  Shift/ Parallel 
Load  high,  J  and  K  control  the  mode  of  operation,  as  illustrated 
in  the  Function  Table. 

J  =  L,  K  =  H  —  With  a  positive  transition  of  the  Clock  input, 
each  bit  is  shifted  to  the  right  (in  the  direction  Qa  toward  Qq) 
one  stage  and  stage  A  maintains  its  previous  state. 

J  =  H,  K  =  L  —  With  a  positive  transition  of  the  Clock  input, 
each  bit  is  shifted  right  (in  the  direction  of  Qa  toward  Qq) 
one  stage  and  the  Qa  output  is  inverted. 

J  =  K  =  L  —  With  a  positive  transition  of  the  Clock  input, 
each  bit  is  shifted  right  (in  the  direction  Qa  toward  Qp)  one 
stage  and  a  low  is  loaded  into  stage  A. 

J  =  K  =  H  —  With  a  positive  transition  of  the  Clock  input, 
each  bit  is  shifted  right  (in  the  direction  Qa  toward  Qp)  one 
stage  and  a  high  is  loaded  into  stage  A. 


SWITCHING  WAVEFORMS 


FIGURE2 


Clock 


-H    f«-'r  *\  K'f 

/r90%  \ 

1=50%  \ 

_/10%  \  


-t» 


Q  or  Q 


 1 1  'max  

-tPLH  tPHL- 


'TLH  tTHL" 


Jfc 


Clock 


FIGURE  3 


Serial  Shift/ 
Parallel  Load 


FIGURE  4 

 Valid- 


Clock 


X 


vcc 

GND 
VCC 
GND 


FIGURE  5-  TEST  CIRCUIT 

Test  Point 

Output 


=r=CL* 


*  Includes  all  probe  and  jig  capacitance. 
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EXPANDED  LOGIC  DETAIL 


Serial  Data  Inputs 


Parallel 
Data 
Inputs 


Serial  Shift/  9 
Parallel  Load 


UK 


Clock  2££>o— Lc(>- 
Reset  1  [>o- 


ycc 


C  Q 
R  R 


I  OD  I— OD  Q 


C  Q 
R  R 


J 


VCC=  Pin  16 
GND=  Pin  8 


T  T 

I  14  I  IE 

Qb  Qa 


Parallel  Data  Outputs 


1  -of-8  Decoder/Demultiplexer 
with  Address  Latch 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC237  is  identical  in  pinout  to  the  LS137,  but  has  noninverting  out- 
puts. The  device  inputs  are  compatible  with  standard  CMOS  outputs;  with  pullup 
resistors,  they  are  compatible  with  LSTTL  outputs. 

The  HC237  decodes  a  three-bit  Address  to  one-of-eight  active-high  outputs.  The 
device  has  a  transparent  latch  for  storage  of  the  Address.  Two  Chip  Selects,  one 
active-low  and  one  active-high,  are  provided  to  facilitate  the  demultiplexing,  cascad- 
ing, and  chip-selecting  functions. 

The  demultiplexing  function  is  accomplished  by  using  the  Address  inputs  to  select 
the  desired  device  output,  and  then  by  using  one  of  the  Chip  Selects  as  a  data 
input  while  holding  the  other  one  active. 

The  HC237  is  the  noninverting  version  of  the  HC137. 

•  Output  Drive  Capability:  10  LSTTL  Loads 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1  /iA 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  156  FETs  or  39  Equivalent  Gates 


J  SUFFIX 
CERAMIC 
CASE  620 


N  SUFFIX 
PLASTIC 
CASE  648 


D  SUFFIX 

SOIC 
CASE  751 


ORDERING  INFORMATION 

MC74HCXXXN  Plastic 
MC54HCXXXJ  Ceramic 
MC74HCXXXD  SOIC 

Ias  -  55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 


Address 
Inputs 


Al- 
A2- 


Latch  4_ 

Enable 


Chip-  I  CS1- 
Select  < 
Inputs  I  CS2- 


BLOCK  DIAGRAM 


Trans- 
parent 
Latch 


1-of-8 
Decoder 


TT- 


15 


-Y2 
-Y3 
-Y4 
-Y5 
-Y6 


Pin  16  =  VCC 
Pin  8=  GND 


Active- 
High 
Outputs 


PIN  ASSIGNMENT 


FUNCTION  TABLE 


Inputs 

Outputs 

LE 

CS1  CS2 

A2  A1  AO 

Y0  Y1  Y2  Y3  Y4  Y5  Y6  Y7 

X 
X 

X  H 
L  X 

XXX 
XXX 

LLLLLLLL 
LLLLLLLL 

L 
L 

L 
L 

H  L 
H  L 
H  L 
H  L 

L    L  L 
L    L  H 
L   H  L 
L   H  H 

HLLLLLLL 
LHLLLLLL 
LLHLLLLL 
LLLHLLLL 

L 
L 

L 
L 

H  L 
H  L 
H  L 
H  L 

H    L  L 
H    L  H 
H   H  L 
H   H  H 

LLLLHLLL 
LLLLLHLL 
LLLLLLHL 
LLLLLLLH 

H 

H  L 

XXX 

* 

=  Depends  upon  the  Address  previously  applied 
while  LE  was  at  a  low  level. 
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MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

VCC 

uij  ouppiy  vuiidyt;  intiBieiiLKU  lu  uimlji 

—  n  ^  tn  +7  n 

y 

nf*  InrMit  Unhano  1  Qafaran fori  tn  flMni 

—  1  >i  tn  Uz-ri  +  1  R 

i,*j  iu  •  f-C      *  -  is 

Vout 

DC  Output  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc +  0.5 

V 

l,n 

DC  Input  Current,  per  Pin 

±20 

mA 

'out 

DC  Output  Current,  per  Pin 

±25 

mA 

ice 

DC  Supply  Current,  Vqq  and  GND  Pins 

+  50 

mA 

PD 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tstq 

Storage  Temperature 

-65  to  +150 

°C 

TL 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°c 

♦Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
tDerating  -  Plastic  DIP:  -  10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -  10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjn  and 
Vout  should  be  constrained  to  the 
range  GND  <  |Vjn  or  Vout)  <  Vcc. 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  Vcc*  Unused 
outputs  must  be  left  open. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin.Vout 

DC  Input  Voltage.  Output  Voltage  (Referenced  to  GND) 

0 

vcc 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

<r.  tf 

Input  Rise  and  Fall  Time                          Vcc  =  2.0  V 
(Figure  2)                                          Vcc  =  4.5  V 

VCC  =  6.0  V 

0 
0 
0 

1000 
500 
400 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 


Symbol 

Parameter 

Test  Conditions 

vcc 

V 

Guaranteed  Limit 

Unit 

25°  C  to 
-55°C 

<85°C 

<125°C 

V|H 

Minimum  High-Level  Input 
Voltage 

Vout  =  0.1  Vor  Vcc-0.1  V 
Hout|s20„A 

2.0 
4.5 
6.0 

1.5 
3.15 
4.2 

1.5 

3.15 
4.2 

1.5 
3.15 
4.2 

V 

V|L 

Maximum  Low-Level  Input 
Voltage 

Vout  =  0.1  Vor  Vcc-0.1  V 
|IOU,|<20^A 

2.0 
4.5 
6.0 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

V 

VOH 

Minimum  High-Level  Output 
Voltage 

Vin  =  V|H  or  V|L 
|lout|s20MA 

2.0 
4.5 
6.0 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

V 

Vin  =  V|HorV|L  |lout|<4.0mA 
|lout|<5.2  mA 

4.5 
6.0 

3.98 
5.48 

3.84 
5.34 

3.70 
5.20 

vol 

Maximum  Low-Level  Output 
Voltage 

Vin  =  V|H  or  V|L 
|lout|<20„A 

2.0 
4.5 
6.0 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

V 

Vin=V|HorV|L             |lout| -4.0  mA 
|lout|s5.2  mA 

4.5 
6.0 

0.26 
0.26 

0.33 
0.33 

0.40 
0.40 

l,n 

Maximum  Input  Leakage  Current 

Vin  =  VcC  or  GND 

6.0 

±0.1 

±1.0 

±1.0 

„A 

ice 

Maximum  Quiescent  Supply 
Current  (per  Package) 

Vin  =  Vcc  or  GND 
lout  =  0^A 

6.0 

8 

80 

160 

«A 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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AC  ELECTRICAL  CHARACTERISTICS  !CL  =  50pF,  Input  tr  =  tf  =  6  ns) 


vcc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

25°C  to 

<8S°C 

<  125°C 

Unit 

-55°C 

•PLH 

Maximum  Propagation  Delay,  Input  A  to  Output  Y 

2.0 

235 

295 

355 

ns 

ingures  i  ana  dj 

4  5 

47 

59 

71 

ft  n 

40 

50 

60 

«PHL 

2.0 

185 

230 

280 

4  5 

37 

46 

56 

6.0 

31 

39 

48 

«PLH 

Maximum  Propagation  Delay,  CS2  to  Output  Y 

2.0 

200 

250 

300 

ns 

irigures  z  ana  oj 

4  5 

40 

50 

60 

6  0 

34 

43 

51 

'PHL 

2.0 

145 

180 

220 

4  5 

29 

36 

44 

6  0 

25 

31 

38 

<PLH 

Maximum  Propagation  Delay,  CS1  to  Output  Y 

2.0 

200 

250 

300 

ns 

4  5 

40 

50 

60 

6.0 

34 

43 

51 

IPHL 

2.0 

160 

200 

240 

32 

40 

48 

6  0 

27 

34 

41 

'PLH 

Maximum  Propagation  Delay,  Latch  Enable  to  Output  Y 

2.0 

250 

315 

375 

ns 

(Figures  4  and  6) 

4.5 

50 

63 

75 

6.0 

43 

54 

64 

•PHL 

2.0 

190 

240 

285 

4.6 

38 

48 

57 

6.0 

32 

41 

48 

<TLH. 

Maximum  Output  Transition  Time,  Any  Output 

2.0 

75 

95 

110 

ns 

tTHL 

(Figures  2  and  6) 

4.5 

15 

19 

22 

6.0 

13 

16 

19 

Cin 

Maximum  Input  Capacitance 

10 

10 

10 

pF 

NOTES: 

1 .  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


Cpo 

Power  Dissipation  Capacitance  (Per  Package) 

Typical  @  2S'C.  VCC  =  5.0  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 

PD  =  Cpo  Vcc2' +  ICC  VCC 

100 

pF 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

TIMING  REQUIREMENTS  (Input  tr^tf  =  6  nsl 


vcc 

Guaranteed  Limit 

Symbol 

Parameter 

25°C  to 

Unit 

V 

<125°C 

-55°C 

*su 

Minimum  Setup  Time,  Input  A  to  Latch  Enable 

2.0 

100 

125 

150 

ns 

(Figure  5) 

4.5 

20 

25 

30 

6.0 

17 

21 

26 

Minimum  Hold  Time,  Latch  Enable  to  Input  A 

2.0 

50 

65 

75 

ns 

(Figure  5) 

4.5 

10 

13 

15 

6.0 

9 

11 

13 

tw 

Minimum  Pulse  Width,  Latch  Enable 

2.0 

80 

100 

120 

ns 

(Figure  4) 

4.5 

16 

20 

24 

6.0 

14 

17 

20 

tr.  <f 

Maximum  Input  Rise  and  Fall  Times 

2.0 

1000 

1000 

1000 

ns 

(Figure  21 

4.5 

500 

500 

500 

6.0 

400 

400 

400 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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MC54/74HC237 


PIN  DESCRIPTIONS 


ADDRESS  INPUTS 

AO,  A1.  A2  (PINS  1.  2,  3)  -  Address  inputs.  These  inputs, 
when  the  chip  is  enabled,  determine  which  of  the  eight  outputs 
is  selected. 

CONTROL  INPUTS 

CS1,  CS2  (PINS  6,  5)  -  Chip  select  inputs.  For  CS1  at  a 
high  level  and  CS2  at  a  low  level,  the  chip  is  enabled  and  the 
outputs  follow  the  data  inputs  I  Latch  Enable  =  LI .  For  any  other 
combination  of  CS1  and  CS2,  the  outputs  are  at  a  low  level. 


LATCH  ENABLE  (PIN  41  -  Latch  Enable  input.  A  high 
level  at  this  input  latches  the  Address.  A  low  level  at  this  input 
allows  the  outputs  to  follow  the  Address  (CS1  =  H  and 
CS2=L). 
OUTPUTS 

Y0-Y7  (PINS  15.  14,  13,  12.  11,  10,  9,  7)  -  Active-high 
outputs.  One  of  these  eight  outputs  is  selected  when  the  chip 
is  enabled  (CS1  =  H  and  CS2  =  L)  and  the  Address  inputs 
correspond  to  that  particular  output.  The  selected  output  is 
at  a  high  level  while  all  others  remain  at  a  low  level. 


SWITCHING  WAVEFORMS 


FIGURE  1 


FIGURE  2 


Output  Y 


FIGURE  3 


FIGURE  4 


CS1 


Output  Y 


Output  Y 


<THL 


FIGURE  5 


Input 


|<C  Valid  W 

 w  \1/  

U—  tsu    »|«  'h— *\ 


Latch  Enable 


vCc 


GND 


vcc 


GND 


FIGURE  6  -  TEST  CIRCUIT 

Test  Point 


*  Includes  all  probe  and  jig  capacitance 
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MOTOROLA  HIGH-SPEED  CMOS  LOGIC  DATA 


MOTOROLA 

SEMICONDUCTOR 

TECHNICAL  DATA 


Octal  3-State  Inverting  Buffer/ 
Line  Driver/Line  Receiver 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC240  is  identical  in  pinout  to  the  LS240.  The  device  inputs  are 
compatible  with  standard  CMOS  outputs;  with  pullup  resistors,  they  are  compatible 
with  LSTTL  outputs. 

This  octal  inverting  buffer/line  driver/line  receiver  is  designed  to  be  used  with  3- 
state  memory  address  drivers,  clock  drivers,  and  other  bus-oriented  systems.  The 
device  has  inverting  outputs  and  two  active-low  output  enables. 

The  HC240  is  similar  in  function  to  the  HC241  and  HC244. 

•  Output  Drive  Capability:  15  LSTTL  Loads 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1  fiA 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  120  FETs  or  30  Equivalent  Gates 


MC54/74HC240 


J  SUFFIX 
CERAMIC 
CASE  732 


N  SUFFIX 
PLASTIC 
CASE  738 


DW  SUFFIX 

SOIC 
CASE  751 D 


ORDERING  INFORMATION 

MC74HCXXXN  Plastic 
MC54HCXXXJ  Ceramic 
MC74HCXXXDW  SOIC 

Ta  =  -  55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 


DATA 
INPUTS 


A3 


82 


B3  ■ 


OUTPUT  (ENABLE  A 
ENABLES  \  ENABLE  B 


19 


LOGIC  DIAGRAM 


5- 


VA1 


YB1 


¥82 


VB3 


YB4 


PIN  20  =  VCC 
PIN  10  =  GNO 


PIN  ASSIGNMENT 


ENABLE  A[ 

1  • 

20 

!»ce 

A1[ 

2 

19 

] ENABLE 

VB4[ 

3 

1B 

]YA1 

A2[ 

4 

17 

]B4 

YB3[ 

5 

IB 

]YA2 

A3[ 

6 

15 

]B3 

YB2[ 

7 

14 

)YA3 

INVERTING 

OUTPUTS 

A4[ 

8 

13 

]B2 

YB1[ 

9 

12 

]YA4 

6ND[ 

10 

11 

IB1 

FUNCTION  TABLE 


Inputs 

Outputs 

Enable  A, 
Enable  B 

A,  B 

YA,  YB 

L 
L 
H 

L 
H 
X 

H 
L 
Z 

Z=high  impedance 
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MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

VCC 

DC  Supply  Voltage  (Referenced  to  GNO) 

—  0.5  to  +7.0 

V 

DC  Input  Voltage  (Referenced  to  GND) 

—  1.5  to  Vqc  +1-5 

v 

V0ut 

DC  Output  Voltage  (Referenced  to  GNDI 

-o.5  to  Vcc +  0.5 

V 

'in 

DC  Input  Current,  per  Pin 

±20 

mA 

'out 

DC  Output  Current,  per  Pin 

±35 

mA 

'cc 

DC  Supply  Current,  Vcc  and  GND  Pins 

±75 

mA 

PD 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

TStq 

Storage  Temperature 

-65  to  +150 

°C 

TL 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package! 

(Ceramic  DIP) 

260 
300 

°C 

*Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
tDerating  -  Plastic  DIP:  - 10  mW/'C  from  65°  to  125°C 

Ceramic  DIP:  -10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GNDI 

0 

vcc 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

tr.  tf 

Input  Rise  and  Fall  Time                        Vcc  =  2.0  V 
(Figure  11                                              VCC  =  4.5  V 

Vcc  =  6.0  V 

0 
0 
0 

1000 
500 
400 

ns 

This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjn  and 
Vout  should  be  constrained  to  the 
range  GND<(Vin  or  Vout)<VCC. 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  VqO-  Unused 
outputs  must  be  left  open. 


DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 


vCc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

Test  Conditions 

25°C  to 
-5B*C 

<86°C 

£125°C 

Unit 

V|H 

Minimum  High-Level  Input 
Voltage 

Vou,  =  0.1  V 
l"outls»l»A 

2.0 
4.5 
6.0 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

V 

V|L 

Maximum  Low-Level  Input 
Voltage 

Vout=  VCC -0.1  V 
|lout|£20^A 

2.0 
4.5 
6.0 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

V 

VOH 

Minimum  High-Level  Output 
Voltage 

Vin=  V,L 
llouti  S20^A 

2.0 
4.5 
6.0 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

V 

Vin=V|L  lloutl^e.OmA 
|lout|  5:7.8  mA 

4.5 
6.0 

3.98 
5.48 

3.84 
5.34 

3.70 
5.20 

vol 

Maximum  Low-Level  Output 
Voltage 

Vin  =  V|H 
IWI  *20  „A 

2.0 
4.5 
6.0 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

V 

Vin  =  V|H  IWIse-OmA 
Moutl  S7.8  mA 

4.5 

6.0 

0.26 
0.26 

0.33 
0.33 

0.40 
0.40 

"in 

Maximum  Input  Leakage  Current 

Vin  =  VcC°'  GND 

6.0 

±0.1 

±1.0 

±1.0 

^A 

ioz 

Maximum  Three-State  Leakage 
Current 

Output  in  High-Impedance  State 
Vin  =  V,LorV|H 
Vout  =  VcC  or  GND 

6.0 

±0.5 

±5.0 

±10.0 

ice 

Maximum  Quiescent  Supply 
Current  (per  Package) 

Vin  =  Vcc  or  GND 
lout  =  0,iA 

6.0 

8 

80 

160 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 


MOTOROLA  HIGH-SPEED  CMOS  LOGIC  DATA 

5-220 


MC54/74HC240 

AC  ELECTRICAL  CHARACTERISTICS  (CL  =  50  pF,  Input  tr  =  if  -  6  ns) 


VCC 
V 

Guaranteed  Limit 

Symbol 

Parameter 

25°C  to 

<85°C 

£126«C 

Unit 

-55°C 

'PLH. 

Maximum  Propagation  Delay,  A  to  YA  or  B  to  YB 

2.0 

100 

125 

150 

ns 

tPHL 

(Figures  1  and  3) 

4.5 

20 

25 

30 

6.0 

17 

21 

26 

tp|_Z, 

Maximum  Propagation  Delay,  Output  Enable  to  YA  or  YB 

2.0 

150 

190 

225 

ns 

'PHZ 

(Figures  2  and  4) 

4.5 

30 

38 

45 

6.0 

26 

33 

38 

'PZL. 

Maximum  Propagation  Delay,  Output  Enable  to  YA  or  YB 

2.0 

150 

190 

225 

ns 

'PZH 

(Figures  2  and  4) 

4.5 

30 

38 

45 

6.0 

26 

33 

38 

TLH. 

Maximum  Output  Transition  Time,  Any  Output 

2.0 

60 

75 

90 

ns 

thl 

(Figures  1  and  3) 

4.5 

12 

15 

18 

6.0 

10 

13 

15 

Cin 

Maximum  Input  Capacitance 

10 

10 

10 

pF 

Cout 

Maximum  Three-State  Output  Capacitance  (Output  in  High-Impedance 

15 

15 

15 

pF 

Statel 

NOTES: 

1.  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


CPD 

Power  Dissipation  Capacitance  (Per  Buffer) 

Typical  @  25"C.  VCC=5°  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 
Pq  =  CPD  Vcc^f  +  ice  VCC 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

32 

pF 

SWITCHING  WAVEFORMS 


ENABLE 


OUTPUT 
YA  OR  YB 


Figure  1 


OUTPUT  Y 


OUTPUT  Y 


50% 


■  'PZL  <PLZ" 


"tpZH  'PHZ- 


Figure  2 


GND 
HIGH 

impedance 
vol 

Voh 

HIGH 

IMPEDANCE 


"Includes  all  probe  and  jig  capacitance. 
Figure  3.  Test  Circuit 


CONNECT  TO  VCC  WHEN 
TESTING  tPLZ  AND  tpZl. 
CONNECT  TO  GND  WHEN 
TESTING  lPH2  AND  tPZH. 


"Includes  all  probe  and  jig  capacitance. 
Figure  4.  Test  Circuit 
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INPUTS 

A1.  A2.  A3.  A4.  B1.  B2,  B3.  B4  (Pins  2,  4,  6.  8.  11.  13. 

15, 17)  —  Data  input  pins.  Data  on  these  pins  appear  in  inverted 
form  on  the  corresponding  Y  outputs,  when  the  outputs  are 
enabled. 

CONTROLS 

Enable  A,  Enable  B  (Pins  1,19)-  Output  enables  (active- 
low).  When  a  low  level  is  applied  to  these  pins,  the  outputs 


are  enabled  and  the  devices  function  as  inverters.  When  a 
high  level  is  applied,  the  outputs  assume  the  high-impedance 


OUTPUTS 

YA1.  YA2,  YA3,  YA4,  YB1,  YB2,  YB3,  YB4  (Pins  18,  16. 
14,  12,  9,  7,  5,  3)  —  Device  outputs.  Depending  upon  the 
state  of  the  output-enable  pins,  these  outputs  are  either 
inverting  outputs  or  high-impedance  outputs. 


LOGIC  DETAIL 


TO  THREE  OTHER 
A  OR  B  INVERTERS 


DATA 
INPUT  - 
A  OR  B 


ENABLE  A 
OR  ENABLE  B 


ONE  OF  8 


VCC 


YA 

•  OR 
YB 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL  DATA 


MC54/74HCT240 


Octal  3-State  Inverting  Buffer/ 
Line  Driver/Line  Receiver  with 
LSTTL-Compatible  Inputs 

High-Performance  Silicon-Gate  CMOS 

The  HCT240  is  identical  in  pinout  to  the  LS240.  This  device  may  be  used  as  a 
level  converter  for  interfacing  TTL  or  NMOS  outputs  to  High-Speed  CMOS  inputs. 
The  HCT240  is  an  octal  inverting  buffer/line  driver/line  receiver  designed  to  be  used 
with  3-state  memory  address  drivers,  clock  drivers,  and  other  bus-oriented  systems. 
The  device  has  inverting  outputs  and  two  active-low  output  enables. 

The  HCT240  is  the  inverting  version  of  the  HCT244.  See  also  HCT241. 

•  Output  Drive  Capability:  15  LSTTL  Loads 

•  TTL/NMOS-Compatible  Input  Levels 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  4.5  to  5.5  V 

•  Low  Input  Current:  1  fiA 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  110  FETs  or  27.5  Equivalent  Gates 


J  SUFFIX 
CERAMIC 
CASE  732 


N  SUFFIX 
PLASTIC 
CASE  738 


DW  SUFFIX 

SOIC 
CASE  751 D 


ORDERING  INFORMATION 

MC74HCTXXXN  Plastic 
MC54HCTXXXJ  Ceramic 
MC74HCTXXXDW  SOIC 

T/^=  -55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 


LOGIC  DIAGRAM 


DATA  INPUTS 


S3  • 
A4  - 


B2  ■ 


18 
16 

14 

12 

ii 

13 

15 

17 

* 

■  YB3 


PIN  ASSIGNMENT 


ENABLE  AC 

1  • 

20 

3  VCC 

»TC 

2 

19 

J  ENABLE  B 

YB4C 

3 

18 

□  YA1 

A2C 

4 

17 

□  B4 

YB3C 

5 

16 

□  YA2 

A3  L" 

6 

15 

3B3 

YB2  C 

7 

14 

P  YA3 

A4L1 

8 

13 

DB2 

YB1  C 

9 

12 

3YA4 

GND  C 

10 

11 

□  B1 

INVERTING 
OUTPUTS 


OUTPUT  (  ENABLE  A  — — 
ENABLES  \  ENABLE  B 


t3 


FUNCTION  TABLE 


Inputs 

Outputs 

Enable  A. 

Enable  B 

A,  B 

YA.  YB 

L 

L 

H 

L 

H 

L 

H 

X 

Z 

Z=  High  Impedance 
X  =  Don't  Care 


PIN  20-Vcc 
PIN  10-GN0 
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MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GNDI 

-0.5  to  +7.0 

V 

Vin 

DC  Input  Voltage  (Referenced  to  GNDI 

-  1 .5  to  Vcc  +  1  5 

V 

Vout 

DC  Output  Voltage  (Referenced  to  GNDI 

-0.5  to  Vcc +0.5 

V 

■in 

DC  Input  Current,  per  Pin 

±20 

mA 

'out 

DC  Output  Current,  per  Pin 

±35 

mA 

ice 

DC  Supply  Current,  Vcc  a"d  GND  Pins 

±75 

mA 

PD 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tstg 

Storage  Temperature 

-65  to  +150 

°C 

TL 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°C 

*Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
tDerating  -  Plastic  DIP:  - 10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -  10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjn  and 
Vout  should  be  constrained  to  the 
range  GND<(Vin  or  Vout)<VCC. 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  Vcc)-  Unused 
outputs  must  be  left  open. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

4.5 

5.5 

V 

Vin-Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

VCC 

V 

TA 

Operating  Temperature,  Alt  Package  Types 

-55 

+  125 

°c 

*r.  tf 

Input  Rise  and  Fall  Time  (Figure  1) 

0 

500 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 


vcc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

Test  Conditions 

25°C  to 
-55°C 

s85°C 

<125°C 

Unit 

V|H 

Minimum  High-Level  Input 
Voltage 

Vout  =  0.1  Vor  Vcc-0.1  V 
IWI  ^20  ^A 

4.5 

5.5 

2.0 
2.0 

2.0 
2.0 

2.0 
2.0 

V 

V|L 

Maximum  Low-Level  Input 
Voltage 

Vout  =  0.1  Vor  Vcc-0.1  V 
|IOU,|S20^A 

4.5 

5.5 

0.8 
0.8 

0.8 
0.8 

0.8 
0.8 

V 

V0H 

Minimum  High-Level  Output 
Voltage 

Vin  =  V|H  or  V:L 
|lout|  s20  ,.A 

4.5 
5.5 

4.4 

5.4 

4.4 

5.4 

4.4 
5.4 

V 

Vin=V,H  or  V|L 
|lout|<6.0  mA 

4.5 

3.98 

3.84 

3.70 

vol 

Maximum  Low-Level  Output 
Voltage 

Vin  =  V|H  or  V|L 
IWI  *20  „A 

4.5 
5.5 

0.1 
0.1 

0.1 
0.1 

0.1 
0.1 

V 

Vin  =  V|H  or  V|L 
|lout|<  6.0  mA 

4.5 

0.26 

0.33 

0.40 

•in 

Maximum  Input  Leakage  Current 

Vin  =  Vcc  or  GND 

5.5 

±0.1 

±1.0 

±1.0 

toz 

Maximum  Three-State  Leakage 
Current 

Output  in  High-Impedance  State 
Vin  =  V|L  or  V|H 
Vout  =  Vcc  or  GND 

5.5 

±0.5 

±5.0 

+  10.0 

/•A 

ice  ' 

Maximum  Quiescent  Supply 
Current  (per  Package) 

Vin  =  VCC  or  GND 
lout  =  °eA 

5.5 

8 

80 

160 

A|cc 

Additional  Quiescent  Supply 

Vjn=2.4  V,  Any  One  Input 

>  -55°C 

2S°C  to  125°C 

Current 

Vjn  =  Vcc  or  GND,  Other  Inputs 

lout  =  0MA 

5.5 

2.9 

2.4 

mA 

NOTES: 

1.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 

2.  Total  Supply  Current  =  Ice  +  £Alcc- 
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MC54/74HCT240 

AC  ELECTRICAL  CHARACTERISTICS  IVCC  =  5.0  V  ±  10%,  CL  =  50  pF,  Input  t,  =  tf  =  6  nsl 


Symbol 

Parameter 

Guaranteed  Limit 

Unit 

25°Cto 
-55°C 

<85°C 

<125"C 

tPLH- 

Maximum  Propagation  Delay,  A  to  YA  or  B  to  YB 
(Figures  1  and  3) 

22 

28 

33 

ns 

'PLZ. 
'PHZ 

Maximum  Propagation  Delay,  Output  Enable  to  YA  or  YB 
(Figures  2  and  4) 

30 

38 

45 

ns 

«PZL- 
tPZH 

Maximum  Propagation  Delay,  Output  Enable  to  YA  or  YB 
(Figures  2  and  4) 

30 

38 

45 

ns 

TLH. 
THL 

Maximum  Output  Transition  Time,  Any  Output 
(Figures  1  and  3) 

12 

15 

18 

ns 

Maximum  Input  Capacitance 

10 

10 

10 

pF 

COUt 

Maximum  Three-State  Output  Capacitance  (Output  in  High-Impedance  State) 

15 

15 

15 

pF 

NOTES: 

1 .  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


CPD 

Power  Dissipation  Capacitance  (Per  Enabled  Output) 

Typical  @  25°C,  Vcc  =  5.0  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 
PD  =  Cpo  Vcc2f+lcc  Vcc 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

55 

pF 

SWITCHING  WAVEFORMS 


INPUT 
A  OR  B 


ENABLE  V  | 
A  OR  B 


OUTPUT  V 


OUTPUT  ¥ 


"'PZL  'PLZ- 


1.3  V 


1.3  V 


Figure  1 


-'PZH     tpHZ  — I 
Figure  2 


3.0  V 

GND 
HIGH 


,0%-v0L 

90*   V0H 

HIGH 


"Includes  all  probe  and  jig  capacitance. 
Figure  3.  Test  Circuit 


CONNECT  TO  Vcc  WHEN 
TESTING  tPLZ  AND  tPZL. 
CONNECT  TO  GND  WHEN 
TESTING  tPHZ  AND  tPZH. 


*  includes  all  probe  and  jig  capacitance. 
Figure  4.  Test  Circuit 
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INPUT 
A  ORB 


TO  THREE  OTHER 
A  OR  B  INVERTERS 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL  DATA 


Octal  3-State  Noninverting 
Buffer/Line  Driver/Line 
Receiver 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC241  is  identical  in  pinout  to  the  LS241.  The  device  inputs  are 
compatible  with  standard  CMOS  outputs;  with  pullup  resistors,  they  are  compatible 
with  LSTTL  outputs. 

This  octal  noninverting  buffer/line  driver/line  receiver  is  designed  to  be  used  with 
3-state  memory  address  drivers,  clock  drivers,  and  other  bus-oriented  systems.  The 
device  has  noninverted  outputs  and  two  output  enables.  Enable  A  is  active-low  and 
Enable  B  is  active-high. 

The  HC241  is  similar  in  function  to  the  HC244  and  HC240. 

•  Output  Drive  Capability:  15  LSTTL  Loads 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  134  FETs  or  33.5  Equivalent  Gates 


MC54/74HC241 


20       ||I  1  I  1 

J  SUFFIX 
CERAMIC 
CASE  732 

N  SUFFIX 
PLASTIC 
CASE  738 

1 

"^^^ 

1 

DW  SUFFIX 

SOIC 
CASE  751 D 

ORDERING  INFORMATION 

MC74HCXXXN 
MC54HCXXXJ 
MC74HCXXXDW 

Plastic 

Ceramic 

SOIC 

Ta=  -55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 

DATA 
INPUTS 


LOGIC  DIAGRAM 


A2 

A3  - 


B1 
B2 


15 


4 

(  ENABLE  A  1 

1   19 


OUTPUT  . 

ENABLES  \  ENABLE  B 


A 


18 


16 


YB1 
YB2 
YB3 


NONINVERTING 
OUTPUTS 


PIN  20  =  VCC 
PIN  10  =  GN0 


PIN  ASSIGNMENT 


ENABLE  A [ 

1  • 

20 

]«CC 

A1[ 

2 

19 

]  ENABLE  B 

VB4[ 

3 

18 

]YA1 

A2[ 

4 

17 

lB4 

mi 

5 

16 

]  YA2 

A3[ 

6 

15 

]B3 

YB2[ 

7 

14 

]YA3 

A4[ 

8 

13 

]B2 

YB1[ 

9 

12 

]YA4 

GND  [ 

10 

11 

]B1 

FUNCTION  TABLE 

Inputs 

Output 

Inputs 

Output 

Enable 
A 

A 

YA 

Enable 
6 

B 

YB 

L 
L 

H 

L 
H 

X 

L 
H 

Z 

H 
H 
L 

L 
H 
X 

L 
H 
Z 

Z  =  high 

impedance 
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MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

-0.5  to  +7.0 

V 

Vin 

DC  Input  Voltage  (Referenced  to  GND) 

-1.5  to  Vcc  +  1-5 

V 

Vout 

DC  Output  Voltage  (Referenced  to  GNDI 

-0.5  to  Vcc  +  0.5 

V 

tin 

DC  Input  Current,  per  Pin 

±20 

mA 

'out 

DC  Output  Current,  per  Pin 

±35 

mA 

ice 

DC  Supply  Current,  Vcc  and  GND  pins 

+  75 

mA 

PD 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tstq 

Storage  Temperature 

-65  to  +150 

°C 

TL 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package! 

(Ceramic  DIP) 

260 
300 

°C 

This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjn  and 
Vout  should  be  constrained  to  the 
range  GND<(Vin  or  Vout)sVcc. 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  Vcc)-  Unused 
outputs  must  be  left  open. 


•Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
tDerating  -  Plastic  DIP:  - 10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -  10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

vcc 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

Input  Rise  and  Fall  Time                          Vcc  =  2.0  V 
(Figure  1)  VCc=4.5V 

VCC  =  6.0  V 

0 
0 
0 

1000 
500 
400 

ns 

DC  ELECTRICAL  CHARACTERISTICS  [Voltages  Referenced  to  GNDI 


vcc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

Test  Conditions 

25°C  to 
-55°C 

<85°C 

<125°C 

Unit 

V|H 

Minimum  High-Level  Input 
Voltage 

Vout  =  VCC-0.1  V 
|lout|<20^A 

2.0 
4.5 
6.0 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

V 

V|L 

Maximum  Low-Level  Input 
Voltage 

Vout  =  0.1  V 
|lout|£20^ 

2.0 
4.5 
6.0 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

V 

V0H 

Minimum  High-Level  Output 
Voltage 

Vin  =  V|H 
|loutls20MA 

2.0 
4.5 
6.0 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

V 

Vin  =  V|H  |lout|s6.0mA 
|lout|<7.8  mA 

4.5 
6.0 

3.98 
5.48 

3.84 
5.34 

3.70 
5.20 

vol 

Maximum  Low-Level  Output 
Voltage 

Vin  =  V|L 
|lout|  S20  jrtA 

2.0 
4.5 
6.0 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

0.1 

0.1 
0.1 

V 

Vin  =  V|L  |lout|s6.0mA 
iloutl*7-8mA 

4.5 
6.0 

0.26 
0.26 

0.33 
0.33 

0.40 
0.40 

'in 

Maximum  Input  Leakage  Current 

Vin  =  VCC  O'  GND 

6.0 

±0.1 

±1.0 

+  1.0 

dA 

ioz 

Maximum  Three-State  Leakage 
Current 

Output  in  High-Impedance  State 
Vin=V|L  or  V,H 
Vout  =  VCC  or  GND 

6.0 

±0.5 

±5.0 

±10.0 

«A 

!CC 

Maximum  Quiescent  Supply 
Current  (per  Package) 

Vin  =  Vcc  or  GND 
lout  =  °fA 

6.0 

8 

80 

160 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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AC  ELECTRICAL  CHARACTERISTICS  (CL  =  50  pF,  Input  tf  =  t(  =  6  ns) 


vcc 

Guaranteed  Limit 

Symbol 

Parameter 

ZS-Cto 

Unit 

V 

-SS'C 

<86°C 

<12fi°C 

tPLH- 

Maximum  Propagation  Delay,  A  to  YA  or  B  to  YB 

2.0 

115 

145 

175 

ns 

lPHL 

fFinnrpc  1  and  11 

4.5 

23 

29 

35 

6.0 

20 

25 

30 

tpLZ- 

Maximum  Propagation  Delay,  Output  Enable  to  YA  or  YB 

2.0 

150 

190 

225 

ns 

*PHZ 

(Figures  2  and  4) 

4.5 

30 

38 

45 

6.0 

26 

33 

38 

tp2|_. 

Maximum  Propagation  Delay,  Output  Enable  to  YA  or  YB 

2.0 

150 

190 

225 

ns 

<PZH 

(Figures  2  and  4) 

4.5 

30 

38 

45 

6.0 

26 

33 

38 

<TLH- 

Maximum  Output  Transition  Time,  Any  Output 

2.0 

60 

75 

90 

ns 

•thl 

(Figures  1  and  31 

4.5 

12 

15 

18 

6.0 

10 

13 

15 

Cin 

Maximum  Input  Capacitance 

10 

10 

10 

pF 

cout 

Maximum  Three-State  Output  Capacitance  (Output  in  High-Impedance 

15 

15 

15 

pF 

Statel 

NOTES: 

1.  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


CPD 

Power  Dissipation  Capacitance  (Per  Buffer! 

Used  to  determine  the  no-load  dynamic  power  consumption: 

PD  =  CpD  vCC2f  +  'CC  VCC 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

Typical  @  25«C,  VCC  =  S.O  V 

pF 

34 

SWITCHING  WAVEFORMS 


ENABLE  A 


OUTPUT 
YA  OR  YB 


Figure  1 


OUTPUT  Y 


OUTPUT  Y 


50% 


-tpZL  <PLZ" 


-<PZH  'PHZ- 


V 


50% 


Figure  2 


10%. 
90%" 


Vcc 
6ND 

»cc 

6N0 
HIGH 

IMPEDANCE 

«0l 

VOH 
HIGH 

IMPEDANCE 


TEST  POINT 

DEVICE 

OUTPUT 

DEVICE 

UNDER 

UNDER 

TEST 

r 

TEST 

^Includes  all  probe  and  jig  capacitance. 
Figure  3.  Test  Circuit 


OUTPUT 


TEST  POINT 
9 

1  kO 


CONNECT  TO  VCC  WHEN 
TESTING  tpLZ  AN0  tPZ|.. 
CONNECT  TO  GND  WHEN 
TESTING  tpHZ  AND  tpZH. 


♦includes  all  probe  and  jig  capacitance. 
Figure  4.  Test  Circuit 
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INPUTS 

A1.  A2.  A3.  A4.  B1.  B2.  B3,  B4  (PINS  2.  4,  6.  8,  11.  13. 

15,  17)  —  Data  input  pins.  Data  on  these  pins  appear  in 
noninverted  form  on  the  corresponding  Y  outputs  when  the 
outputs  are  enabled. 

CONTROLS 

Enable  A  (PIN  1)  —  Output  enable  (active-low).  When  a 
low  level  is  applied  to  this  pin,  the  outputs  of  the  "A"  devices 
are  enabled  and  the  devices  function  as  noninverting  buffers. 
When  a  high  level  is  applied,  the  outputs  assume  the  high- 
impedance  state. 


Enable  B  (PIN  19)  —  Output  enable  (active-high).  When 
a  high  level  is  applied  to  this  pin,  the  outputs  of  the  "B"  devices 
are  enabled  and  the  devices  function  as  noninverting  buffers. 
When  a  low  level  is  applied,  the  outputs  assume  the  high- 
impedance  state. 

OUTPUTS 

YA1,  YA2,  YA3,  YA4.  YB1,  YB2,  YB3,  YB4  (PINS  18,  16, 

14,  12,  9,  7,  5,  3)  —  Device  outputs.  Depending  upon  the 
state  of  the  output-enable  pins,  these  outputs  are  either 
noninverting  outputs  or  high-impedance  outputs. 


LOGIC  DETAIL 


TO  THREE  OTHER  TO  THREE  OTHER 
"A"  BUFFERS  "B"  BUFFERS 


DATA 
INPUT  . 
A 


DATA 
INPUT  — 
B 


i  


OUTPUT 
ENABLES 


ENABLE  A 


ENABLE  B 


TWO  OF  8  BUFFERS 


vcc 


<7 


YA 


E3. 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL  DATA 


MC54/74HCT241 


Octal  3-State  Noninverting 
Buffer/Line  Driver/Line  Receiver 
with  LSTTL-Compatible  Inputs 

High-Performance  Silicon-Gate  CMOS 

The  HCT241  is  identical  in  pinout  to  the  LS241 .  This  device  may  be  used  as  a 
level  converter  for  interfacing  TTL  or  NMOS  outputs  to  High-Speed  CMOS  inputs. 
The  HCT241  is  an  octal  noninverting  buffer/line  driver/line  receiver  designed  to  be 
used  with  3-state  memory  address  drivers,  clock  drivers,  and  other  bus-oriented  sys- 
tems. The  device  has  non-inverted  outputs  and  two  output  enables.  Enable  A  is  ac- 
tive-low and  Enable  B  is  active-high. 

The  HCT241  is  similar  in  function  to  the  HCT244.  See  also  HCT240. 

•  Output  Drive  Capability:  15  LSTTL  Loads 

•  TTL/NMOS-Compatible  Input  Levels 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  4.5  to  5.5  V 

•  Low  Input  Current:  1  jiA 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  118  FETs  or  29.5  Equivalent  Gates 


J  SUFFIX 
CERAMIC 
CASE  732 

N  SUFFIX 
PLASTIC 
CASE  738 

t 

DW  SUFFIX 

SOIC 
CASE  751 D 

ORDERING  INFORMATION 

MC74HCTXXXN 
MC54HCTXXXJ 
MC74HCTXXXDW 

Plastic 

Ceramic 

SOIC 

Ta=  -55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 

DATA  INPUTS 


A3  • 


A4  - 


B2  ■ 


OUTPUT  (  ENABLE  A  • 
ENABLES  ^  ENABLE  B  ■ 


LOGIC  DIAGRAM 


2 
4 

^  ~ 

6 

=E>  «■ 

8 

11 

 L 

13 

< 

15 

4^ 

17 

< 

YA3 


-YB1 


-VB2 


NONINVERTING 
OUTPUTS 


PIN  20-Vcc 
PIN  10-GND 


PIN  ASSIGNMENT 


ENABLE  ALT 

A1C 
VB4C  3 

A2C  4 
YB3  C  5 

A3  C  6 
YB2C  7 

A4C  8 
YB1  C  9 
GND  C 


1  • 

2 


10 


3'VCC 

3  ENABLE  B 

]YA1 

3  B4 

DYA2 

3B3 

3YA3 

3  B2 

3YA4 

3B1 


FUNCTION  TABLE 


Inputs 

Output 

Enable  A 

A 

VA 

L 

L 

L 

L 

H 

H 

H 

X 

Z 

Inputs 

Output 

Enable  B 

B 

YB 

H 

L 

L 

H 

H 

H 

L 

X 

Z 

high  impedance 
don't  care 
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MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC  Supply  Voltage  (Referenced  to  GNDI 

-0.5  to  +7.0 

V 

V,n 

DC  Input  Voltage  (Referenced  to  GNDI 

-  1.5  to  Vcc  +  1-5 

V 

Vout 

DC  Output  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc +  0.5 

V 

'in 

DC  Input  Current,  per  Pin 

±20 

mA 

'out 

DC  Output  Current,  per  Pin 

±35 

mA 

ice 

DC  Supply  Current,  Vcc  and  GND  pins 

±75 

mA 

PD 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tstg 

Storage  Temperature 

-65  to  +150 

°C 

TL 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°C 

♦Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
tDerating  -  Plastic  DIP:  -  10  mVW°C  from  65°  to  125°C 

Ceramic  DIP:  - 10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjn  and 
Vout  should  be  constrained  to  the 
range  GNDs(Vin  or  Vout)<VCc- 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  Vcc).  Unused 
outputs  must  be  left  open. 





RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

4.5 

5.5 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

VCC 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

«r.  tf 

Input  Rise  and  Fad  Time  (Figure  1) 

0 

500 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GNDI 


vCc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

Test  Conditions 

25°  C  to 
-55"C 

<85"C 

<125°C 

Unit 

V|H 

Minimum  High-Level  Input 
Voltage 

Vou,  =  0.1  Vor  Vcc-0.1  V 
|loutl  =S20  »A 

4.5 
5.5 

2.0 
2.0 

2.0 
2.0 

2.0 
2.0 

V 

V|L 

Maximum  Low-Level  Input 
Voltage 

Vout  =  0.1  Vor  VCC-0.1  V 
|lout|^20^A 

4.5 
5.5 

0.8 
0.8 

0.8 
0.8 

0.8 
0.8 

V 

V0H 

Minimum  High-Level  Output 
Voltage 

Vin  =  V|H  or  V|L 
|lout|<20/1A 

4.5 

5.5 

4.4 
5.4 

4.4 
5.4 

4.4 
5.4 

V 

Vin  =  V|H  or  V|L 
|lout|<6.0  mA 

4.5 

3.98 

3.84 

3.70 

vol 

Maximum  Low-Level  Output 
Voltage 

Vin  =  ViH  or  V|L 
|lout|<20flA 

4.5 
5.5 

0.1 
0.1 

0.1 
0.1 

0.1 
0.1 

V 

Vin  =  V|H  or  V|L 
|lout|s6.0  mA 

4.5 

0.26 

0.33 

0.40 

lin 

Maximum  Input  Leakage  Current 

Vin  =  Vcc°r  GND 

5.5 

±0.1 

+  1.0 

±1.0 

ioz 

Maximum  Three-State  Leakage 
Current 

Output  in  High-Impedance  State 
Vin  =  V|L  or  V,H 
Vout  =  VCC  or  GND 

5.5 

±0.5 

±5.0 

±10.0 

!CC 

Maximum  Quiescent  Supply 
Current  (per  Package) 

Vin  =  VccorGND 
lout  =  0«A 

5.5 

8 

80 

160 

^A 

AlCC 

Additional  Quiescent  Supply 

Vjn  =2.4  V,  Any  One  Input 

a-55°C 

25° C  to  125°C 

Current 

vin  =  vcc  or  GND,  Other  Inputs 

lout  =  0(<A 

5.5 

2.9 

2.4 

mA 

NOTES: 


1.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 

2.  Total  Supply  Current  =  Ice +  2 A'CC- 


MOTOROLA  HIGH-SPEED  CMOS  LOGIC  DATA 

5-232 


AC  ELECTRICAL  CHARACTERISTICS  (Vcc  =  5.0  V  +10%,  CL  =  50  pF,  Input  t,  =  tt  =  6  ns) 


Symbol 

Parameter 

Guaranteed  Limit 

Unit 

25°C  to 
-55°C 

s8S°C 

<125°C 

tpi_H, 
'PHL 

Maximum  Propagation  Delay,  A  to  YA  or  B  to  YB 
(Figures  1  and  3) 

25 

31 

38 

ns 

tPLZ- 
tPHZ 

Maximum  Propagation  Delay,  Output  Enable  to  YA  or  YB 
(Figures  2  and  4) 

30 

38 

45 

ns 

tPZL- 
'PZH 

Maximum  Propagation  Delay,  Output  Enable  to  YA  or  YB 
(Figures  2  and  4) 

30 

38 

45 

ns 

TLH. 
<THL 

Maximum  Output  Transition  Time,  Any  Output 
(Figures  1  and  3) 

12 

15 

18 

ns 

Cin 

Maximum  Input  Capacitance 

10 

10 

10 

PF 

cout 

Maximum  Three-State  Output  Capacitance  (Output  in  High-Impedance  State) 

15 

15 

15 

pF 

NOTES: 

1 .  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 

Cpp 

Power  Dissipation  Capacitance  (Per  Enabled  Output) 

Used  to  determine  the  no-load  dynamic  power  consumption: 

PD  =  CPD  Vcc2f+!CC  VCC 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

Typical  @  25°C.  VCC  =  5  0  V 

55 

pF 

«r-»>  |-«—  -»|  h*-tf 

NPUT                JT2.7  V  \ 

°R  6   J(  0  3V  1  

•plh  —  r*-*- — 


OUTPUT 
YA  OR  YB 


Figure  1 


TEST  POINT 

DEVICE 

OUTPUT 

DEVICE 

UNDER 

UNDER 

TEST 

T"" 

TEST 

TEST  POINT 


OUTPUT 


1  kfi 


CONNECT  TO  Vcc  WHEN 
TESTING  tpLZ  AND  tPZL. 
CONNECT  TO  GND  WHEN 
,  TESTING  lpnz  AND  tPZH. 


♦includes  all  probe  and  jig  capacitance. 
Figure  3.  Test  Circuit 


♦includes  all  probe  and  jig  capacitance. 
Figure  4.  Test  Circuit 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL  DATA 


Quad  3-State  Bus  Transceivers 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC242  and  MC54/74HC243  are  identical  in  pinout  to  the  LS242  and 
LS243.  The  device  inputs  are  compatible  with  standard  CMOS  outputs;  with  pullup 
resistors,  they  are  compatible  with  LSTTL  outputs. 

These  quad  bus  transceivers  are  designed  for  asynchronous  two-way  communica- 
tions between  data  buses.  The  states  of  the  Output  Enables  (A-to-B  Enable  and  B- 
to-A  Enable)  determine  both  the  direction  of  data  flow  (from  A  to  B  or  from  B  to  A) 
and  the  modes  of  the  Data  Ports  (input,  output,  or  high-impedance). 

•  Output  Drive  Capability:  15  LSTTL  Loads 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1  /iA 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  130  FETs  or  32.5  Equivalent  Gates  (HC242) 

146  FETs  or  36.5  Equivalent  Gates  (HC243) 


MC54/74HC242 
MC54/74HC243 


LOGIC  DIAGRAM 
HC242- Inverting  Outputs 
HC243— Noninverting  Outputs 


^^^^^^^^^^^^ 

J  SUFFIX 
CERAMIC 
CASE  632 

N  SUFFIX 
PLASTIC 
CASE  646 

D  SUFFIX 

SOIC 
CASE  751A 

ORDERING  INFORMATION 

MC74HCXXXN 
MC54HCXXXJ 
MC74HCXXXD 

Plastic 

Ceramic 

SOIC 

Ta  =  -  55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 

PIN  ASSIGNMENT 


A-TO-B  ENABLE  [  1  • 

NC[  2 

A1[  3 

A2[  4 

A3[  5 

A4[  6 

GN0[  7 


14  ]VCC 

13  )  B-TD-A  ENABLE 

12  ]NC 

11  ]B1 

10  ]B2 

9  ]B3 

8  ]B4 


NC  =  N0  CONNECTION 


FUNCTION  TABLE 


PIN  14  =  VCC 
PIN  7  =  GND 

PINS  2,  12  =  NO  CONNECTION 


MC54/74HC242 

MC64/74HC243 

Control  inputs 

Data  Port  Status 

Data  Port  Status 

A-to-B 

B-to-A 

B 

Enable 

Enable 

A 

A 

B 

H 

H 

0 

1 

0 

1 

L 

H 

z 

z 

z 

z 

H 

L 

z 

z 

z 

z 

L 

L 

I 

0 

1 

0 

I  =  input,  0  =  output,  0  =  inverting  output, 
Z  =  high  impedance 
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MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

VCC 

DC  Supply  Voltage  (Referenced  to  GND) 

-0.5  to  +7.0 

V 

Vin 

DC  Input  Voltage  {Referenced  to  GND) 

-  1.5  to  Vcc  +  '  -5 

V 

Vout 

DC  Output  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc +  0.5 

V 

'in 

DC  Input  Current,  per  Pin 

20 

mA 

'out 

DC  Output  Current,  per  Pin 

±35 

mA 

ice 

DC  Supply  Current,  Vcc  and  GND  Pins 

+  75 

mA 

PD 

Power  Dissipation  in  Still  Air,   Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tstg 

Storage  Temperature 

-65  to  +150 

°C 

TL 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°C 

*Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
TDerating  -  Plastic  DIP:  -  10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -  10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -  7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

RECOMMENDED  OPERATING  CONDITIONS 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltages  higher  than  the  maximum 
rated  voltages  to  this  high- 
impedance  circuit.  For  proper 
operation,  Vjn  and  Vout  should  be 
constrained  to  the  range  GND<(V-,n 
or  Vout)<VCC. 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  level  (e.g., 
either  GND  or  VqO-  Unused  outputs 
must  be  left  open.  I/O  pins  must  be 
connected  to  a  properly  terminated 
line  or  bus.  See  Chapter  4  subject 
listing  on  page  4-2. 


Symbol 

Parameter 

Min 

Max 

Unit 

vCc 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

VCC 

V 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°C 

tr.  If 

Input  Rise  and  Fall  Time                           Vcc  =2.0  V 
(Figure!)                                              Vcc  =  45  v 

VCc  =  6.0  V 

0 

0 
0 

1000 
500 
400 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 

Symbol 

Parameter 

Test  Conditions 

vCc 

V 

Guaranteed  Limit 

Unit 

25°Cto 
-55°C 

<85°C 

s125°C 

V|H 

Minimum  High-Level  Input 
Voltage 

Vout  =  0.1  VorVCC-0.1V 
]lout|s20,tA 

2.0 
4.5 
6.0 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

V 

VlL 

Maximum  Low-Level  Input 
Voltage 

VolJt  =  0.1Vor  VCc-0.1V 
|loutl  s20  nA 

2.0 
4.5 
6.0 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

V 

VOH 

Minimum  High-Level  Output 
Voltage 

Vin  =  V|HorV|L 
|loutls20„A 

2.0 
4.5 
6.0 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

V 

Vin  =  V|HorV|L  |lout|s6.0mA 
|lout|<7.8  mA 

4.5 
6.0 

3.98 
5.48 

3.84 
5.34 

3.70 
5.20 

vol 

Maximum  Low-Level  Output 
Voltage 

Vin  =  V|H°'V|L 
|lou,|<20flA 

2.0 
4.5 
6.0 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

V 

Vin  =  V|HorV|L  |lout|s6.0mA 
|lout|<7.8  mA 

4.5 
6.0 

0.26 
0.26 

0.33 
0.33 

0.40 
0.40 

l,n 

Maximum  Input  Leakage  Current 

Vin  =  VCC  or  GND 

6.0 

±0.1 

±1.0 

±1.0 

«A 

lOZ 

Maximum  Three-State  Leakage 
Current 

Output  in  High-Impedance  State 
Vin  =  V|L  or  V|H 
Vout  =  VCC  or  GND 

6.0 

±0.5 

+  5.0 

±10.0 

^A 

ice 

Maximum  Quiescent  Supply 
Current  (per  Package) 

Vin  =  VCC  or  GND 
lout  =  0>A 

6.0 

8 

80 

160 

/-A 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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MC54/74HC242-MC54/74HC243 


AC  ELECTRICAL  CHARACTERISTICS  (CL  =  50pF,  Input  tr  =  tf  =  6ns) 


vcc 

Guaranteed  Limit 

Symbol 

Parameter 

25°C  to 

Unit 

V 

■  85  °  C 

■  125°C 

-55°C 

IPLH. 

Maximum  Propagation  Delay,  A  to  B/B  to  A 

2.0 

100 

125 

150 

ns 

<PHL 

(Figures  1  and  3) 

4.5 

20 

25 

30 

6.0 

17 

21 

26 

'PLZ. 

Maximum  Propagation  Delay,  Output  Enable  to  Output  A  or  B 

2.0 

150 

190 

225 

ns 

'PHZ 

(Figures  2  and  4) 

4.5 

30 

38 

45 

6  0 

26 

33 

38 

•PZL. 

Maximum  Propagation  Delay,  Output  Enable  to  Output  A  or  B 

2.0 

150 

190 

225 

ns 

<PZH 

(Figures  2  and  4) 

4.5 

30 

38 

45 

6.0 

26 

33 

38 

'TLH. 

Maximum  Output  Transition  Time,  Any  Output 

2.0 

60 

75 

90 

ns 

'THL 

(Figures  1  and  3) 

4.5 

12 

15 

18 

6.0 

10 

13 

15 

Cin 

Maximum  Input  Capacitance 

10 

10 

10 

pF 

cout 

Maximum  Three-State  Output  Capacitance  (Output  in  High-Impedance 

15 

15 

15 

PF 

Statel 

NOTES: 

1 .  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


CPD 

Power  Dissipation  Capacitance  (Per  Transceiver) 

Typical  @  2S°C,  VCC  =  5.0  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 

PD  =  CPD  Vcc2f  +  lcc  VCC 

31 

pF 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

PIN  DESCRIPTIONS 


DATA  PORTS 

A1,  A2,  A3,  A4  (Pins  3,  4,  5,  6)  and  B1,  B2,  B3,  B4  (Pins 

11,  10,  9,  8)  -  Data  on  these  pins  may  be  transferred 
between  data  buses.  Depending  upon  the  states  of  the  Out- 
put Enables,  these  pins  may  be  inputs,  outputs,  or  open  cir- 
cuits (high-impedance). 


CONTROL  INPUTS 

A-to-B  Enable  (Pin  1)  and  B-to-A  Enable  (Pin  13)  -  Data 
on  these  Output  Enables  determine  both  the  direction  of 
data  flow  (from  A  to  B  or  from  B  to  A)  and  the  states  of  the 
outputs  (standard  or  high  impedance),  according  to  the 
Function  Table. 
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FIGURE  4  -  TEST  CIRCUIT 


Connect  to  Vqc  when 
testing  \p\_z  and  lPZL- 
Connect  to  GND  when 
testing  tpnz  and  tpzhf- 


*  Includes  all  probe  and  jig  capacitance 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL  DATA 


Octal  3-State  Noninverting 
Buffer/Line  Driver/ 
Line  Receiver 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC244  is  identical  in  pinout  to  the  LS244.  The  device  inputs  are 
compatible  with  standard  CMOS  outputs;  with  pullup  resistors,  they  are  compatible 
with  LSTTL  outputs. 

This  octal  noninverting  buffer/line  driver/line  receiver  is  designed  to  be  used  with 
3-state  memory  address  drivers,  clock  drivers,  and  other  bus-oriented  systems.  The 
device  has  noninverting  outputs  and  two  active-low  output  enables. 

The  HC244  is  similar  in  function  to  the  HC240  and  HC241. 

•  Output  Drive  Capability:  15  LSTTL  Loads 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1  /iA 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7  A 

•  Chip  Complexity:  136  FETs  or  34  Equivalent  Gates 


LOGIC  DIAGRAM 


MC54/74HC244 


20    111  1 1 '  1 

J  SUFFIX 
CERAMIC 
CASE  732 

N  SUFFIX 
PLASTIC 
CASE  738 

i 

DW  SUFFIX 

SOIC 
CASE  751D 

ORDERING  INFORMATION 

MC74HCXXXN 
MC54HCXXXJ 
MC74HCXXXDW 

Plastic 

Ceramic 

SOIC 

T^=  -55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 

DATA 
INPUTS 


B2 


B4  ■ 


2 
4 

3>  * 

6 

~cfe  - 

8 

12 

11 

13 

< 

15 

< 

17 

< 

-d> — 1 

YA1 
YA2 
YA3 
YA4 

YB1 
YB2 
YB3 


NONINVERTING 
OUTPUTS 


PIN  ASSIGNMENT 


ENABLE  A [ 

1  • 

20 

lvcc 

Ml 

2 

19 

] ENABLE 

YB4[ 

3 

18 

]YA1 

A2[ 

4 

17 

lB4 

YB3[ 

5 

16 

]YA2 

A3[ 

6 

15 

]B3 

YB2[ 

7 

14 

]YA3 

M| 

8 

13 

]B2 

YB1[ 

8 

12 

]YA4 

GND  [ 

10 

11 

1B1 

OUTPUT 


[  ENABLE 


ENABLES   I  ENABLE  B 


t 


PIN  20  =  VCC 
PIN  10  =  GND 


FUNCTION  TABLE 


Inputs 

Outputs 

Enable  A, 
Enable  B 

A.  B 

YA,  YB 

L 

L 
H 

L 
H 
X 

Nil- 

Z  =  high  impedance 


I 
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MC54/74HC244 


MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

-0.5  to  +7.0 

V 

Vin 

DC  Input  Voltage  (Referenced  to  GND) 

-  1.5  to  Vcc  +  15 

V 

Vout 

DC  Output  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc +  0.5 

V 

|- 

'in 

r*\C*  Inni  it  C 1 1  rront    t-i&r  Pin 
IM[JUt  V*U  1 1  Gl  1 1,  L-'cl    r  II I 

±20 

'out 

DC  Output  Current,  per  Pin 

+  35 

mA 

ice 

DC  Supply  Current,  Vcc  and  GND  pins 

±75 

mA 

PD 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 

750 

mW 

SOIC  Packaget 

500 

Tstg 

Storage  Temperature 

-65  to  +150 

°C 

TL 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°c 

This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjn  and 
Vout  should  be  constrained  to  the 
range  GND<{Vin  or  Vout)<VCc- 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  V(x*-  Unused 
outputs  must  be  left  open. 


*  Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
TDerating  -  Plastic  DIP:  -  10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -  10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

vcc 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

tr.tf 

Input  Rise  and  Fall  Time  Vcc=2.0V 
(Figure  1)  VCC=4.5V 

VCC  =  6.0  V 

0 

0 
0 

1000 
500 
400 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 


Symbol 

Parameter 

Test  Conditions 

vCc 

V 

Guaranteed  Limit 

Unit 

25°  C  to 
-56°C 

<85°C 

<125°C 

V|H 

Minimum  High-Level  Input 
Voltage 

Vout=  vcc  -o.i  v 

|lout|  =s20 /!A 

2.0 
4.5 
6.0 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

V 

V|L 

Maximum  Low-Level  Input 
Voltage 

Vout  =  0.1  V 
|lOutl^20^A 

2.0 
4.5 
6.0 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

V 

VOH 

Voltage 

Vin  =  V|H 
|loutl<20^A 

2.0 
4.5 
6.0 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

V 

Vin=V|H  IWI-e.OmA 
|lout|s7.8  mA 

4.5 
6.0 

3.98 
5.48 

3.84 
5.34 

3.70 
5.20 

vol 

Maximum  Low-Level  Output 
Voltage 

Vin=  V|L 
|lout|  ^20  ,xA 

2.0 
4.5 
6.0 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

V 

Vin=  V|L  Houtlse.OmA 
|lout|<7.8  mA 

4.5 
6.0 

0.26 
0.26 

0.33 
0.33 

0.40 
0.40 

(in 

Maximum  Input  Leakage  Current 

Vin  =  VCC  or  GND 

6.0 

±0.1 

±1.0 

±1.0 

ioz 

Maximum  Three-State  Leakage 
Current 

Output  in  High-Impedance  State 
vin  =  V|L  or  V|H 
Vout  =  VcC  or  GND 

6.0 

±0.5 

±5.0 

±10.0 

„A 

ice 

Maximum  Quiescent  Supply 
Current  (per  Package) 

Vin  =  VCcorGND 
lout  =  0fA 

6.0 

8 

80 

160 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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I 


AC  ELECTRICAL  CHARACTERISTICS  <CL  =  60  pF,  Input  tr  =  tf  =  6  ns) 


V 

Guaranteed  Limit 

Symbol 

Parameter 

25°C  to 

<8S°C 

s12S°C 

Unit 

-55°C 

tp|_(-|. 

Maximum  Propagation  Delay,  A  to  YA  or  B  to  YB 

2.0 

115 

145 

175 

ns 

tPHL 

(Figures  1  and  3} 

4.5 

23 

29 

35 

6.0 

20 

25 

30 

tp|_2, 

Maximum  Propagation  Delay,  Output  Enable  to  YA  or  YB 

2.0 

150 

190 

225 

ns 

tpHZ 

(Figures  2  and  4) 

4.5 

30 

38 

45 

6.0 

26 

33 

38 

tpzL' 

Maximum  Propagation  Delay,  Output  Enable  to  YA  or  YB 

2.0 

150 

190 

225 

ns 

tpZH 

(Figures  2  and  4) 

4.5 

30 

38 

45 

6.0 

26 

33 

38 

tjLH. 

Maximum  Output  Transition  Time,  Any  Output 

2.0 

60 

75 

90 

ns 

tTHL 

(Figures  1  and  3) 

4.5 

12 

15 

18 

6.0 

10 

13 

15 

Maximum  Input  Capacitance 

- 

10 

10 

10 

pF 

cout 

Maximum  Three-State  Output  Capacitance  (Output  in  High-Impedance 

15 

15 

15 

pF 

State) 

NOTES: 

1 .  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


CPD 

Power  Dissipation  Capacitance  (Per  Buffer) 

Typical  @  2S°C.  Vcc=5°  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 
PD  =  CpD  Vcc2«+!CC  Vcc 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

34 

pF 

SWITCHING  WAVEFORMS 


DATA  INPUT 
A  ( 


0RB   ='10%  S6 


vcc 

GND 


Figure  1 


ENABLE 
A  OR  B 


OUTPUT  Y 


OUTPUT  Y 


■  'PZL  <PLZ- 


"'PZH  'PHZ- 


60% 


Figure  2 


«cc 

GND 
HIGH 

IMPEDANCE 


0%  —  Vol 
90%  —  V0H 


HIGH 

IMPEDANCE 


TEST  POINT 


*lncludes  all  probe  and  jig  capacitance. 
Figure  3.  Test  Circuit 


I 

DEVICE 

OUTPUT 

UNDER 

TEST 



(CONNECT  TO  VCC  WHEN 
TESTING  tPLZ  AND  tPZL. 
CONNECT  TO  GND  WHEN 
TESTING  tpHZ  AND  tP2H. 


•includes  all  probe  and  jig  capacitance. 


Figure  4.  Test  Circuit 
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MC54/74HC244 

PIN  DESCRIPTIONS 


INPUTS 

A1.  A2,  A3.  A4.  B1.  B2.  B3.  B4  (PINS  2.  4,  6,  8.  11.  13. 

15,  171  —  Data  input  pins.  Data  on  these  pins  appear  in 
noninverted  form  on  the  corresponding  Y  outputs,  when  the 
outputs  are  enabled. 

CONTROLS 

Enable  A,  Enable  B  (PINS  1, 191  —  Output  enables  (active- 
low).  When  a  low  level  is  applied  to  these  pins,  the  outputs 


are  enabled  and  the  devices  function  as  noninverting  buffers. 
When  a  high  level  is  applied,  the  outputs  assume  the  high- 
impedance  state. 

OUTPUTS 

YA1,  YA2,  YA3,  YA4,  YB1,  YB2,  YB3,  YB4  (PINS  18,  16, 

14,  12,  9,  7,  5,  31  —  Device  outputs.  Depending  upon  the 
state  of  the  output-enable  pins,  these  outputs  are  either 
noninverting  outputs  or  high-impedance  outputs. 


LOGIC  DETAIL 


TO  THREE  OTHER 
A  OR  B  BUFFERS 


ENABLE  A  OR 
ENABLE  6 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL  DATA 


Octal  3-State  Noninverting 
Buffer/Line  Driver/Line  Receiver 
with  LSTTL-Compatible  Inputs 

High-Performance  Silicon-Gate  CMOS 

The  HCT244  is  identical  in  pinout  to  the  LS244.  This  device  may  be  used  as  a 
level  converter  for  interfacing  TTL  or  NMOS  outputs  to  High-Speed  CMOS  inputs. 
The  HCT244  is  an  octal  noninverting  buffer/line  driver/line  receiver  designed  to  be 
used  with  3-state  memory  address  drivers,  clock  drivers,  and  other  bus-oriented  sys- 
tems. The  device  has  non-inverted  outputs  and  two  active-low  output  enables. 

The  HCT244  is  the  noninverting  version  of  the  HCT240.  See  also  HCT241. 

•  Output  Drive  Capability:  15  LSTTL  Loads 

•  TTL/NMOS-Compatible  Input  Levels 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  4.5  to  5.5  V 

•  Low  Input  Current:  1  /iA 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  1 12  FETs  or  28  Equivalent  Gates 


MC54/74HCT244 


J  SUFFIX 
CERAMIC 
CASE  732 


N  SUFFIX 
PLASTIC 
CASE  738 


DW  SUFFIX 

SOIC 
CASE  751 D 


ORDERING  INFORMATION 


MC74HCTXXXN 
MC54HCTXXXJ 
MC74HCTXXXDW 


Plastic 

Ceramic 

SOIC 


Ta=  -55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 


DATA  INPUTS 


A3  ■ 
A4  - 


OUTPUT  f  ENABLE  A  • 
ENABLES  \  ENABLE  B  ■ 


LOGIC  DIAGRAM 


IB 
16 

14 

12 

ii 

13 

15 

17 

YA3 


VA4 


-YB1 


NONINVERTING 
OUTPUTS 


PIN  20-VCC 
PIN  10-GND 


PIN  ASSIGNMENT 

ENABLE  AC 

1  • 

20 

A1C 

2 

19 

3  ENABLE B 

YB4C 

3 

18 

3YA1 

A2C 

4 

17 

3  84 

YB3C 

5 

16 

3YA2 

A3C 

6 

15 

383 

YB2C 

7 

14 

3YA3 

A4C 

8 

13 

382 

YB1  C 

9 

12 

3YA4 

GNOC 

10 

11 

381 

FUNCTION  TABLE 


Inputs 

Outputs 

Enable  A, 

Enable  B 

A.  B 

YA,  YB 

L 

L 

L 

L 

H 

H 

H 

X 

Z 

Z  =  high  impedance 
X  =  don't  care 
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MC54/74HCT244 


MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

-0.5  to  +7.0 

V 

Vin 

DC  Input  Voltage  (Referenced  to  GND) 

-1.5  to  Vcc  +  1-5 

V 

Vout 

DC  Output  Voltage  (Referenced  to  GNDI 

-0.5  to  Vcc +  0.5 

V 

'in 

DC  Input  Current,  per  Pin 

+  20 

mA 

'out 

DC  Output  Current,  per  Pin 

±35 

mA 

'cc 

DC  Supply  Current,  Vcc  ancl  GND  pins 

±75 

mA 

PD 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tstq 

Storage  Temperature 

-65  to  +150 

°C 

TL 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Packagel 
(Ceramic  DIP) 

260 
300 

°C 

*  Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
TDerating  -  Plastic  DIP:  - 10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -  10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjn  and 
Vout  should  be  constrained  to  the 
range  GND  <(Vjn  or  VoutJ<VCC. 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  Vcc>-  Unused 
outputs  must  be  left  open. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Mln 

Max 

Unit 

VCC 

DC  Supply  Voltage  (Referenced  to  GNDI 

4.5 

5.5 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

vcc 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

V.  <f 

Input  Rise  and  Fall  Time  (Figure  11 

o 

500 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GNDI 


vcc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

Test  Conditions 

2S°C  to 
-56°C 

<85°C 

<125"C 

Unit 

V|H 

Minimum  High-Level  Input 
Voltage 

Vout  =  0- 1  V  or  VCC -0.1  V 
|lout|<20^A 

4.5 
5.5 

2.0 

2.0 

2.0 
2.0 

2.0 
2.0 

V 

VlL 

Maximum  Low-Level  Input 
Voltage 

Vout  =  0.1  Vor  VCC -0.1  V 
Hout|s20„A 

4.5 
5.5 

0.8 
0.8 

0.8 
0.8 

0.8 
0.8 

V 

V0H 

Minimum  High-Level  Output 
Voltage 

V|n  =  V|H  or  V|L 
Hout|s20^A 

4.5 
5.5 

4.4 
5.4 

4.4 
5.4 

4.4 
5.4 

V 

Vin  =  V|H  or  V,L 
|lout|s6.0mA 

4.5 

3.98 

3.84 

3.70 

vol 

Maximum  Low-Level  Output 
Voltage 

Vin  =  V|H  or  V|L 
|loutl<20MA 

4.5 
5.5 

0.1 
0.1 

0.1 
0.1 

0.1 
0.1 

V 

Vin  =  V|H  or  V,L 
I'outl  -6  0  mA 

4.5 

0.26 

0.33 

0.40 

'in 

Maximum  Input  Leakage  Current 

Vin  =  Vcc  or  GND 

5.5 

±0.1 

±1.0 

±1.0 

VA 

'oz 

Maximum  Three-State  Leakage 
Current 

Output  in  High-Impedance  State 
Vin  =  V|L  or  V|H 
Vout  =  Vcc  or  GND 

5.5 

±0.5 

±5.0 

±10.0 

„A 

'cc 

Maximum  Quiescent  Supply 
Current  (per  Package) 

Vin  =  VcC  or  GND 
lout  =  0^A 

5.5 

8 

80 

160 

A'CC 

Additional  Quiescent  Supply 

Vjn  =2.4  V,  Any  One  Input 

>  -55°C 

25°C  to  125°C 

Current 

vin  =  VCC  or  GN°.  0,her  'nputs 
lout  =  °fA 

5.5 

2.9 

2.4 

mA 

NOTES: 

1 .  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 

2.  Total  Supply  Current  =  lcc  +  SAIcc- 
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AC  ELECTRICAL  CHARACTERISTICS  (VCc  =  5.0  V  ±10%,  CL  =  50  pF,  Input  tr  =  tf  =  o  nsi 


Symbol 

Parameter 

Guaranteed  Limit 

Unit 

25°C  to 
-55°C 

<85°C 

s125"C 

'PLH- 
1PHL 

Maximum  Propagation  Delay,  A  to  YA  or  B  to  YB 
( Figures  1  and  3) 

25 

31 

38 

ns 

tpLZ. 
rPHZ 

Maximum  Propagation  Delay,  Output  Enable  to  YA  or  YB 
(Figures  2  and  4) 

30 

38 

45 

ns 

'PZL. 
tPZH 

Maximum  Propagation  Delay,  Output  Enable  to  YA  or  YB 
(Figures  2  and  4) 

30 

38 

45 

ns 

lTLH' 
<THL 

Maximum  Output  Transition  Time,  Any  Output 
(Figures  1  and  3) 

12 

15 

18 

Cin 

Maximum  Input  Capacitance 

10 

10 

10 

pF 

Cout 

Maximum  Three-State  Output  Capacitance  (Output  in  High-Impedance  State) 

15 

15 

15 

pF 

NOTES: 

1.  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


CPD 

Power  Dissipation  Capacitance  (Per  Enabled  Output) 

Typical  @  25°C,  VCC=5°  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 

PD  =  CpD  Vcc^+ICC  VCC 

55 

PF 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

TEST  POINT 

OUTPUT 

DEVICE 
UNDER 
TEST 

DEVICE 
UNDER 
TEST 

r 

TEST  POINT 
9 

1  k!J 


CONNECT  TO  VCC  WHEN 
TESTING  tplz  AND  lpZL. 
CONNECT  TO  GND  WHEN 
TESTING  tpHZ  AND  tPZH. 


•includes  all  probe  and  jig  capacitance. 
Figure  3.  Test  Circuit 


•includes  all  probe  and  jig  capacitance. 
Figure  4.  Test  Circuit 
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LOGIC  DETAIL 


ENABLE  A  OR  ENABLE  B  - 


TO  THREE  OTHER 
A  OR  B  BUFFERS 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL  DATA 


Octal  3-State  Noninverting 
Bus  Transceiver 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC245  is  identical  in  pinout  to  the  LS245.  The  device  inputs  are 
compatible  with  standard  CMOS  outputs;  with  pullup  resistors,  they  are  compatible 
with  LSTTL  outputs. 

The  HC245  is  a  3-state  noninverting  transceiver  that  is  used  for  2-way  asynchron- 
ous communication  between  data  buses.  The  device  has  an  active-low  Output 
Enable  pin,  which  is  used  to  place  the  I/O  ports  into  high-impedance  states.  The 
Direction  control  determines  whether  data  flows  from  A  to  B  or  from  B  to  A. 

The  HC245  performs  functions  similar  to  those  of  the  HC640  and  the  HC643. 

•  Output  Drive  Capability:  15  LSTTL  Loads 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1  pA 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  308  FETs  or  77  Equivalent  Gates 


LOGIC  DIAGRAM 


A 

DATA 
PORT 


DIRECTION 
OUTPUT  ENABLE 


DATA 


MC54/74HC245 


J  SUFFIX 
CERAMIC 
CASE  732 


N  SUFFIX 
PLASTIC 
CASE  738 


DW  SUFFIX 

SOIC 
CASE  751 D 


ORDERING  INFORMATION 

MC74HCXXXN  Plastic 
MC54HCXXXJ  Ceramic 
MC74HCXXXDW  SOIC 


Ta=  -55°  to  12S°C  for  a 
Dimensions  in  Chapter  7. 


PIN  ASSIGNMENT 


FUNCTION  TABLE 


PIN  10-GND 
PIN  20-Vcc 


Control  Inputs 

Operation 

Output 
Enable 

Direction 

L 

L 

Data  Transmitted  from  Bus 

B  to  Bus  A 

L 

H 

Data  Transmitted  from  Bus 

A  to  Bus  B 

H 

X 

Buses  Isolated 

(High-Impedance  State) 

X  =  don't  care 
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MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

—  0.5  to  +  7.0 

V 

Vin 

DC  Input  Voltage  (Referenced  to  GND) 

-  1 .5  to  Vcc+  1-5 

V 

V|/0 

DC  I/O  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc +  0-5 

V 

'in 

DC  Input  Current,  per  Pin  1  or  19 

±20 

mA 

h/o 

DC  I/O  Current,  per  I/O  Pin 

±35 

mA 

!CC 

DC  Supply  Current,  Vcc  and  GND  pins 

±75 

mA 

PD 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tstg 

Storage  Temperature 

-65  to  +150 

°C 

TL 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°C 

*  Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions, 
tDerating  -  Plastic  DIP:  -10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  - 10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  sul 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltages  higher  than  the  maximum 
rated  voltages  to  this  high- 
impedance  circuit.  For  proper 
operation,  Vjn  and  Vout  should  be 
constrained  to  the  range  GND<(Vjn 
orVout)<VCC- 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  level  (e.g., 
either  GNDorVrjc).  Unused  outputs 
must  be  left  open.  I/O  pins  must  be 
connected  to  a  properly  terminated 
line  or  bus.  See  Chapter  4  subject 
listing  on  page  4-2. 


ng  on  page  4-2. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

vcc 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

tr.  tf 

Input  Rise  and  Fall  Time                        Vcc  =  20  v 
(Figure  1 1                                          VCc  =  4.5V 

VCC  =6.0  V 

0 
0 
0 

1000 
500 
400 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 


VCC 

Guaranteed  Limit 

Symbol 

Parameter 

Test  Conditions 

25°C  to 

Unit 

V 

S85°C 

<125°C 

-5S0C 

V|H 

Minimum  High-Level  Input 

Vout  =  0.1  Vor  Vcc-0.1  V 

2.0 

1.5 

1.5 

1.5 

V 

Voltage 

|lout|<20^ 

4.5 

3.15 

3.15 

3.15 

6.0 

4.2 

4.2 

4.2 

V|L 

Maximum  Low-Level  Input 

Vout  =  0.1  Vor  VCC  "0.1  V 

2.0 

0.3 

0.3 

0.3 

V 

Voltage 

4.5 

0.9 

0.9 

0.9 

6.0 

1.2 

1.2 

1.2 

VOH 

Minimum  High-Level  Output 

vin  =  V|H  or  V|L 

2.0 

1.9 

1.9 

1.9 

V 

Voltage 

lout!  S20  iiA 

4.5 

4.4 

4.4 

4.4 

6.0 

5.9 

5.9 

5.9 

Vin  =  V|HorV(L  |lout|s6.0mA 

4.5 

3.98 

3.84 

3.70 

|lout|s7.8  mA 

6.0 

5.48 

5.34 

5.20 

vol 

Maximum  Low-Level  Output 

Vin  =  V|H  or  V,L 

2.0 

0.1 

0.1 

0.1 

V 

Voltage 

|lout|s20^A 

4.5 

0.1 

0.1 

0.1 

6.0 

0.1 

0.1 

0.1 

Vin  =  V|HorV|L            |lout|<  6.0  mA 

4.5 

0.26 

0.33 

0.40 

|lout|<7.8mA 

6.0 

0.26 

0.33 

0.40 

lin 

Maximum  Input  Leakage  Current 

vin  =  VCc  or  GND,  Pin  1  or  19 

6.0 

±0.1 

±1.0 

±1.0 

ioz 

Maximum  Three-State  Leakage 

Output  in  High-Impedance  State 

6.0 

±0.5 

±5.0 

±10.0 

*A 

Current 

Vin  =  V|L  or  V,H 

vout  =  VcC  or  GND,  I/O  Pins 

ice 

Maximum  Quiescent  Supply 

Vin  =  VCC  or  GND 

6.0 

8 

80 

160 

Current  (per  Package) 

lout  =  0,»A 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on 
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vcc 

Guaranteed  Limit 

Symbol 

Parameter 

2S°C  to 

Unit 

V 

<85°C 

"  125°C 

-55°C 

tPLH. 

Maximum  Propagation  Delay,  A  to  B,  B  to  A 

2.0 

100 

125 

150 

ns 

tPHL 

(Figures  1  and  3) 

4.5 

20 

25 

30 

6.0 

17 

21 

26 

•PLZ. 

Maximum  Propagation  Delay,  Direction  or  Output  Enable  to  A  or  B 

2.0 

150 

190 

225 

ns 

«PHZ 

(Figures  2  and  4) 

4.5 

30 

38 

45 

6.0 

26 

33 

38 

«PZL. 

Maximum  Propagation  Delay,  Direction  or  Output  Enable  to  A  or  B 

2.0 

150 

190 

225 

ns 

tPZH 

(Figures  2  and  41 

4.5 

30 

38 

45 

6.0 

26 

33 

38 

<TLH. 

Maximum  Output  Transition  Time,  Any  Output 

2.0 

60 

75 

90 

ns 

<THL 

(Figures  1  and  3) 

4.5 

12 

15 

18 

6.0 

10 

13 

15 

Cin 

Maximum  Input  Capacitance  (Pin  1  or  Pin  19) 

10 

10 

10 

PF 

cout 

Maximum  Three-State  I/O  Capacitance  (I/O  in  High-Impedance  Statel 

15 

15 

15 

PF 

NOTES: 

1.  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


CPD 

Power  Dissipation  Capacitance  (Per  Transceiver  Channel) 
Used  to  determine  the  no-load  dynamic  power  consumption: 
pd-cpd  Vcc^f+ICC  vCc 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

Typical  @  IS'C,  Vcc  =  5.0  V 

pF 

40 

SWITCHING  WAVEFORMS 


Figure  1 


DIRECTION 


OUTPUT 
ENABLE 


A  ORB 


A  OR  B 


^50% 


50% 


60S 


X5 


-'PZL  <PLZ- 


-'PZH  'PHZ- 


7  _ 


GND 

VCC 
GND 


Figure  2 


HIGH 
'  IMPEDANCE 


io%_¥ol 

90%  Vqh 


HIGH 

IMPEDANCE 


♦Includes  all  probe  and  jig  capacitance. 
Figure  3.  Test  Circuit 


DEVICE 

OUTPUT 

UNDER 

TEST 

T 

CONNECT  TO  VCC  WHEN 
TESTING  tpLZ  AND  lf2L. 
CONNECT  TO  GND  WHEN 
TESTING  tpHZ  AND  tpZH. 


♦Includes  all  probe  and  jig  capacitance. 
Figure  4.  Test  Circuit 


MOTOROLA  HIGH-SPEED  CMOS  LOGIC  DATA 

5-250 


MOTOROLA  HIGH-SPEED  CMOS  LOGIC  DATA 
5-251 


MOTOROLA 

SEMICONDUCTOR 

TECHNICAL  DATA 


Octal  3-State  Noninverting  Bus 
Transceiver  with  LSTTL- 
Compatible  Inputs 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HCT245  may  be  used  as  a  level  converter  for  interfacing  TTL  or 
NMOS  outputs  to  High-Speed  CMOS  inputs. 
The  HCT245  is  identical  in  pinout  to  the  LS245. 

The  HCT245  is  a  3-state  noninverting  transceiver  that  is  used  for  2-way  asyn- 
chronous communication  between  data  buses.  The  device  has  an  active-low  Output 
Enable  pin,  which  is  used  to  place  the  I/O  ports  into  high-impedance  states.  The 
Direction  control  determines  whether  data  flows  from  A  to  B  or  from  B  to  A. 

The  HCT245  performs  functions  similar  to  those  of  the  HCT640  and  the  HCT643. 

•  Output  Drive  Capability:  15  LSTTL  Loads 

•  TTL/NMOS-Compatible  Input  Levels 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  4.5  to  5.5  V 

•  Low  Input  Current:  1  /iA 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  304  FETs  or  76  Equivalent  Gates 


LOGIC  DIAGRAM 


A 

DATA 
PORT 


DIRECTION 
OUTPUT  ENABLE 


OATA 
PORT 


MC54/74HCT245 


J  SUFFIX 
CERAMIC 
CASE  732 


ISI  SUFFIX 
PLASTIC 
CASE  738 


DW  SUFFIX 

SOIC 
CASE  751D 


ORDERING  INFORMATION 

MC74HCTXXXN  Plastic 
MC54HCTXXXJ  Ceramic 
MC74HCTXXXDW  SOIC 

TA=  -55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 


PIN  ASSIGNMENT 


DIRECTION  [ 
A1[ 
A2[ 

m 

A4[ 
A5[ 
A6 
A7 
A8 
GNDf 


[  7 


ivcc 

]  OUTPUT  ENABLE 

IB) 

]B2 

1B3 

]B4 


]B7 


FUNCTION  TABLE 


PIN  10-GNO 
PIN  20-VCC 


Control  Inputs 

Operation 

Output 
Enable 

Direction 

L 

L 

Data  Transmitted  from  Bus 

B  to  Bus  A 

L 

H 

Data  Transmitted  from  Bus 

A  to  Bus  B 

H 

X 

Buses  Isolated 

(High-Impedance  State) 

X  =  don't  care 
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MC54/74HCT245 


MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GNDI 

-0.5  to  +7.0 

V 

Vin 

DC  Input  Voltage  (Referenced  to  GND) 

-1.5  to  Vcc+  1-5 

V 

V|/0 

DC  I/O  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc +  0.5 

V 

'in 

DC  Input  Current,  per  Pin  1  or  19 

+  20 

mA 

"I/O 

DC  I/O  Current,  per  I/O  Pin 

±35 

mA 

'cc 

DC  Supply  Current,  Vqc  and  GND  Pins 

±75 

mA 

PD 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tstq 

Storage  Temperature 

-  65  to  +  1 50 

°C 

TL 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Packagel 
(Ceramic  DIP! 

260 
300 

°C 

*  Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
tDerating  -  Plastic  DIP:  - 10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -  10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltages  higher  than  the  maximum 
rated  voltages  to  this  high- 
impedance  circuit.  For  proper 
operation,  Vtn  and  Vout  should  be 
constrained  to  the  range  GND<(Vjn 
or  V0Ut}<VCC- 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  level  {e.g., 
either  GND  or  Vcc*  ■  Unused  outputs 
must  be  left  open.  I/O  pins  must  be 
connected  to  a  properly  terminated 
line  or  bus.  See  Chapter  4  subject 
listing  on  page  4-2. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GNDI 

4.5 

5.5 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

vcc 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

«W  tf 

Input  Rise  and  Fall  Time  (Figure  1) 

0 

500 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 


vcc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

Test  Conditions 

25°C  to 
-56°C 

-  85°C 

<125°C 

Unit 

V|H 

Minimum  High-Level  Input 
Voltage 

Vout  =  0.1  VorVcc-0.1  V 
|lout|s20^A 

4.5 
5.5 

2.0 
2.0 

2.0 
2.0 

2.0 
2.0 

V 

V|L 

Maximum  Low-Level  Input 
Voltage 

Vout  =  0.1  Vor  Vcc-0.1  V 
|lout|<20^A 

4.5 

5.5 

0.8 
0.8 

0.8 
0.8 

0.8 
0.8 

V 

VOH 

Minimum  High-Level  Output 
Voltage 

Vin  =  V|H  or  V|L 
|lout|s20MA 

4.5 
5.5 

4.4 
5.4 

4.4 
5.4 

4.4 

5.4 

V 

Vin  =  V|H  or  V|L 
|lout|s6.0  mA 

4.5 

3.98 

3.84 

3.70 

vol 

Maximum  Low-Level  Output 
Voltage 

Vin  =  V|H  orV|L 
Houtl^M^A 

4.5 
5.5 

0.1 
0.1 

0.1 
0.1 

0.1 
0.1 

V 

Vin  =  V|H  or  V|L 
|lout|s  6.0  mA 

4.5 

0.26 

0.33 

0.40 

lip 

Maximum  Input  Leakage  Current 

Vin  =  VccorGND,  Pin  1  or  19 

5.5 

±0.1 

±1.0 

±1.0 

fA 

ioz 

Maximum  Three-State  Leakage 
Current 

Output  in  High-Impedance  State 

Vin  =  V|L  orV,H 

Vout  =  Vcc  or  GND,  I/O  Pins 

5.5 

±0.5 

±5.0 

±10.0 

(•A 

ice 

Maximum  Quiescent  Supply 
Current  (per  Packagel 

Vin  =  VccorGND 
lout  =  neA 

5.5 

8 

80 

160 

AlCC 

Additional  Quiescent  Supply 

Vjn  =  2.4  V,  Any  One  Input 

>  -55°C 

25°C  to  125°C 

Current 

vin  =  vcc  or  GND,  Other  Inputs 
lout  =  0»A 

5.5 

2.9 

2.4 

mA 

NOTES: 

1.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 

2.  Total  Supply  Current  =  Ice  +  EAICC- 
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Symbol 

Parameter 

Guaranteed  Limit 

Unit 

25°C  to 
-55°C 

<85°C 

<125°C 

'PLH. 
'PHL 

Maximum  Propagation  Delay,  A  to  B  or  B  to  A 
(Figures  1  and  3) 

22 

28 

33 

ns 

tpLZ. 
'PHZ 

Maximum  Propagation  Delay,  Direction  or  Output  Enable  to  A  or  B 
(Figures  2  and  4) 

30 

38 

45 

ns 

<PZL. 
'PZH 

Maximum  Propagation  Delay,  Direction  or  Output  Enable  to  A  or  B 
(Figures  2  and  4) 

30 

38 

45 

ns 

'TLH. 
'THL 

Maximum  Output  Transition  Time,  Any  Output 
(Figures  1  and  3) 

12 

15 

18 

ns 

Cin 

Maximum  Input  Capacitance  (Pin  1  or  19) 

10 

10 

10 

pF 

cout 

Maximum  Three-State  I/O  Capacitance  (I/O  in  High-Impedance  State) 

15 

15 

15 

NOTES: 

1.  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


Cpo 

Power  Dissipation  Capacitance  (Per  Transceiver  Channel) 
Used  to  determine  the  no-load  dynamic  power  consumption: 
Pd  =  Cpd  Vcc^+ICC  VCC 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

Typical  @  25°C,  VCC  =  5  0  V 

pF 

45 

NPUT  Jrrv  -^r 
OR  B                  /U  V  \ 
 f\0.3\l  > 

'PLH— H         h«  *4 


OUTPUT 
B  OR  A 


SWITCHING  WAVEFORMS 


3  V 
GND 


Figure  1 


-'PHI 


 \ 

JV— 


DIRECTION 


OUTPUT 
ENABLE 


A  OR  B 


XE 


tpZL  tpLZ  ■ 
1.3  V 


'  'PZH  'PHZ- 


1.3  V 


Figure  2 


3V 

GND 
3  V 
GND 


HIGH 

IMPEDANCE 


i  os_  v0L 

90%—  V0H 


HIGH 

IMPEDANCE 


*lncludes  all  probe  and  jig  capacitance. 
Figure  3.  Test  Circuit 


(CONNECT  TO  Vcc  WHEN 
TESTING  tpL2  AND  lp2L. 
CONNECT  TO  GND  WHEN 
TESTING  tpHZ  AND  tPZH. 


*lncludes  all  probe  and  jig  capacitance. 
Figure  4.  Test  Circuit 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL  DATA 


MC54/74HC251 


8-lnput  Data  Selector/Multiplexer 
with  3-State  Outputs 

High-Performance  Silicon-Gate  CMOS 


The  MC54/74HC251  is  identical  in  pinout  to  the  LS251.  The  device  inputs  are 
compatible  with  standard  CMOS  outputs;  with  pullup  resistors,  they  are  compatible 
with  LSTTL  outputs. 

This  device  selects  one  of  the  eight  binary  Data  Inputs,  as  determined  by  the 
Address  Inputs.  The  Output  Enable  pin  must  be  a  low  level  for  the  selected  data  to 
appear  at  the  outputs.  If  Output  Enable  is  high,  both  the  Y  and  the  Y  outputs  are  in 
the  high-impedance  state.  This  3-state  feature  allows  the  HC251  to  be  used  in  bus- 
oriented  systems. 

The  HC251  is  similar  in  function  to  the  HC151  which  does  not  have  3-state 
outputs. 

•  Output  Drive  Capability:  10  LSTTL  Loads 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1  fiA 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 


Chip  Complexity:  134  FETs  or  33.5  Equivalent  Gates 


J  SUFFIX 
CERAMIC 
CASE  620 

N  SUFFIX 
PLASTIC 
CASE  648 

1 

1 

D  SUFFIX 

SOIC 
CASE  751 

ORDERING  INFORMATION 

MC74HCXXXN 
MC54HCXXXJ 
MC74HCXXXD 

Plastic 

Ceramic 

SOIC 

T^=  -55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 

LOGIC  DIAGRAM 


Data 
Outputs 


Output  Enable 


PIN  ASSIGNMENT 

D3  1 

1  • 

16 

'  vCc 

D2  I 

2 

15 

I  D4 

D1  [ 

3 

14 

]  D5 

DO  I 

4 

13 

1  D6 

Y  1 

5 

12 

]  D7 

Y  I 

6 

11 

1  AO 

Output , 
Enable  t 

7 

10 

1  A1 

GND  [ 

8 

9 

1  A2 

FUNCTION  TABLE 


Inputs 

Outputs 

Output 

A2 

A1 

AO 

Enable 

Y  Y 

X 

X 

X 

H 

Z  Z 

L 

L 

L 

L 

DO  DO 

L 

L 

H 

L 

D1  D1 

L 

H 

L 

L 

D2  D2 

L 

H 

H 

L 

D3  D3 

H 

L 

L 

L 

D4  D4 

H 

L 

H 

L 

D5  D5 

H 

H 

L 

L 

D6  D6 

H 

H 

H 

L 

D7  D7 

Z=  high-impedance  state 

DO,  D1.  .  D7=the  level  of  the  respective  D  input 
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MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

VCC 

DC  Supply  Voltage  (Referenced  to  GND) 

—  0.5  to  +  7.0 

V 

vin 

DC  Input  Voltage  (Referenced  to  GND) 

—  1 .0  to  Vqq  +  1  .D 

V 

Vout 

DC  Output  Voltage  (Referenced  to  GND) 

-0.5  to  Vqc +  0.5 

V 

'in 

DC  Input  Current,  per  Pin 

±25 

mA 

'out 

DC  Output  Current,  per  Pin 

±50 

mA 

'CC 

DC  Supply  Current,  Vcc  and  GND  Pins 

±75 

mA 

PD 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tstg 

Storage  Temperature 

-65  to  +150 

°C 

tl 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°C 

*  Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
tDerating  -  Plastic  DIP:  -  10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -  10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjn  and 
V0ut  should  be  constrained  to  the 
range  GND<(Vin  or  V0Ut)<VCC. 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
{e.g.,  either  GND  or  Vqc).  Unused 
outputs  must  be  left  open. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

VCC 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin^out 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

vcc 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

tr.  tf 

Input  Rise  and  Fall  Time                            VCC  =2.0  V 
(Figure  1)  VCC=4.5V 

VCC  =6  0  V 

0 
0 
0 

1000 
500 
400 

ns 

DC  ELECTRICAL  CHARACTERISTICS  [Voteges  Referenced  to  GND) 


vCc 

Guaranteed  Limit 

Symbol 

Parameter 

Test  Conditions 

25°C  to 

<85°C 

<125°C 

Unit 

V 

-55°C 

V|H 

Minimum  High-Level  Input 

Vout  =  0.1  Vor  Vcc-0.1  V 

2.0 

1.5 

1.5 

1.5 

V 

Voltage 

4.5 

3.15 

3.15 

3.15 

6.0 

4.2 

4.2 

4.2 

VlL 

Maximum  Low-Level  Input 

Vout  =  0.1  Vor  Vcc-0.1  V 

2.0 

0.3 

0.3 

0.3 

V 

Voltage 

|lout|<20/-A 

4.5 

0.9 

0.9 

0.9 

6.0 

1.2 

1.2 

1.2 

VOH 

Minimum  High-Level  Output 

Vin  =  V|H  orV|L 

2.0 

1.9 

1.9 

1.9 

V 

Voltage 

Houtl^^A 

4.5 

4.4 

4.4 

4.4 

6.0 

5.9 

5.9 

5.9 

Vin  =  V|HorV|L  |lout|s4.0mA 

4.5 

3.98 

3.84 

3.70 

|lout|<5.2  mA 

6.0 

5.48 

5.34 

5.20 

vol 

Maximum  Low-Level  Output 

Vin  =  V|H  or  V|L 

2.0 

0.1 

0.1 

0.1 

V 

Voltage 

|lout|<20^A 

4.5 

0.1 

0.1 

0.1 

6.0 

0.1 

0.1 

0.1 

Vin  =  V|H°rV|L  |lout|<4.0mA 

4.5 

0.26 

0.33 

0.40 

|lout|s5.2  mA 

6.0 

0.26 

0.33 

0.40 

'in 

Maximum  Input  Leakage  Current 

Vin  =  VcC  °r  GND 

6.0 

±0.1 

±1.0 

±1.0 

fA 

lOZ 

Maximum  Three-State  Leakage 

Output  in  High-Impedance  State 

6.0 

±0.5 

±5.0 

±10.0 

Current 

Vin  =  V|Lor  VIH 

Vout  =  VCC  or  GND 

'CC 

Maximum  Quiescent  Supply 

Vin  =  VcC  or  GND 

6.0 

8 

80 

160 

*A 

Current  (per  Package) 

lout  =  0MA 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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I 


Symbol 

Parameter 

vcc 

V 

2S°C  to 
-5S°C 

<85°C 

<  125°C 

Unit 

<PLH. 
•PHL 

Maximum  Propagation  Delay,  Input  D  to  Output  Y  or  Y 
(Figures  1,  2  and  5) 

2.0 
4.5 
6.0 

185 
37 
31 

230 
46 
39 

280 
56 
48 

ns 

«PLH. 
tPHL 

Maximum  Propagation  Delay,  Input  A  to  Output  Y  or  Y 
(Figures  3  and  51 

2.0 
4.5 
6.0 

205 
41 
35 

255 
51 
43 

310 
62 
53 

ns 

tPLZ- 
'PHZ 

Maximum  Propagation  Delay,  Output  Enable  to  Output  Y 
(Figures  4  and  6) 

2.0 
4.5 
6.0 

195 
39 
33 

245 
49 
42 

295 
59 
50 

ns 

'PZb 
'PZH 

Maximum  Propagation  Delay,  Output  Enable  to  Output  Y 
(Figures  4  and  61 

2.0 
4.5 
6.0 

145 
29 
25 

180 
36 
31 

220 
44 
38 

ns 

'PLZ. 
'PHZ 

Maximum  Propagation  Delay,  Output  Enable  to  Output  Y 
(Figures  4  and  61 

2.0 
4.5 
6.0 

220 
44 
37 

275 
55 
47 

330 
66 
56 

ns 

<PZL. 
'PZH 

Maximum  Propagation  Delay,  Output  Enable  to  Output  Y 
(Figures  4  and  6) 

2.0 
4.5 
6.0 

150 
30 
26 

190 
38 
33 

225 
45 
38 

ns 

tTLH' 
<THL 

Maximum  Output  Transition  Time,  Any  Output 
(Figures  1  and  5) 

2.0 
4.5 
6.0 

75 
15 
13 

95 
19 
16 

110 
22 
19 

ns 

Cin 

Maximum  Input  Capacitance 

10 

10 

10 

pF 

cout 

Maximum  Three-State  Output  Capacitance  (Output  in  High-Impedance 
State) 

15 

15 

15 

pF 

NOTES: 

1 .  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


CPD 

Power  Dissipation  Capacitance  (Per  Package) 

Typical  @  25°C.  Vcc=5.0  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 
Pd  =  Cpd  Vcc^+lcc  vcc 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

36 

pF 

PIN  DESCRIPTIONS 


INPUTS 

DO,  D1  D7  (PINS  4,  3,  2,  1,  15,  14,  13,  12)  -  Data 

inputs.  Data  on  one  of  these  eight  binary  inputs  may  be  se- 
lected to  appear  on  the  output. 

CONTROL  INPUTS 

AO,  A1,  A2  (PINS  11,  10,  9)  -  Address  inputs.  The  data 
on  these  pins  are  the  binary  address  of  the  selected  input  (see 
the  Function  Table). 


OUTPUT  ENABLE  (PIN  7)  -  Output  Enable.  This  input  pin 
must  be  at  a  low  level  for  the  selected  data  to  appear  at  the 
outputs.  If  the  Output  Enable  pin  is  high,  both  the  Y  and  Y 
outputs  are  taken  to  the  high-impedance  state. 

OUTPUTS 

Y,  Y  (PINS  5,  6)  -  Data  outputs.  The  selected  data  is 
presented_at  these  pins  in  both  true  (Y  output)  and  comple- 
mented (Y  output)  forms. 
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SWITCHING  WAVEFORMS 


FIGURE  1 


FIGURE2 


,        -   ~\ 

Input  D  /50%  \ 
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Output  Y 
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tTLH 
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Input  D  /50%  \ 
 / 10%  \ 
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OutputY 


tTHL- 


VCC 
GND 


-'PLH 


■\  90%  f  

*,50%  -t 

Vio%  / 

A    I"*—  — H    U— 'TLH 


FIGURE  3 


FIGURE  4 


Input  A 

IPLH 

Output 
Y  or  Y 


|<  Valid — •+<  Valid — »H 

 ¥  ¥ 

— A  A  A  

H— *\     \<—  — H     N—  'PHL 


vcc 

Output 
Enable 

r^50%  ^ 

GND 

■*— <PZL 

'PLZ — > 

Y  or  Y 

^50% 

_ 

*—  IPZH 

'PHZ— »" 

Y  or  Y 

'50% 

VCC 

GND 
High 

Impedance 


10%_  v0L 
-  V0H 


High 

Impedance 


FIGURE  5  —  TEST  CIRCUIT 


•  Includes  all  probe  and  |ig  capacitance 


FIGURE  6  —  TEST  CIRCUIT 


Test  Point 

Output 

Device 

Device 

Undei 

Under 

Tesi 

Test 

Test  Point 
9 


Outpul 


1  kli 


Connect  to  V^c  when 
testing  tpi_z  and  tpzL 
Connect  to  GND  when 
S  test'"9  'PHZ  and  tPZH. 


*  Includes  all  probe  and  jig  capacitance 


MOTOROLA  HIGH-SPEED  CMOS  LOGIC  DATA 

5-259 


MC54/74HC251 


EXPANDED  LOGIC  DIAGRAM 


Output   7  JV.  

Enable  1/ 
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MUIUKULA 

SEMICONDUCTOR 

TECHNICAL  DATA 


Dual  4-lnput  Data  Selector/ 
Multiplexer  With  3-State  Outputs 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC253  is  identical  in  pinout  to  the  LS253.  The  device  inputs  are 
compatible  with  standard  CMOS  outputs;  with  pullup  resistors,  they  are  compatible 
with  LSTTL  outputs. 

The  Address  inputs  select  one  of  four  Data  inputs  from  each  multiplexer.  Each 
multiplexer  has  an  active-low  Output  Enable  control  and  a  three-state  noninverting 
output. 

The  HC253  is  similar  in  function  to  the  HC153  which  does  not  have  three-state 
outputs. 

•  Output  Drive  Capability:  10  LSTTL  Loads 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  108  FETs  or  27  Equivalent  Gates 


MC54/74HC253 


J  SUFFIX 
CERAMIC 
CASE  620 


N  SUFFIX 
PLASTIC 
CASE  648 


D  SUFFIX 

SOIC 
CASE  751 


ORDERING  INFORMATION 

MC74HCXXXN  Plastic 
MC54HCXXXJ  Ceramic 
MC74HCXXXD  SOIC 

TA=  -55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 


BLOCK  DIAGRAM 


...  fAO- 
Address  J 

Inputs  \  A1  i 


Data- 
Word  a 
Inputs 


Output  J_ 
Enable  a 


Data- 
Word  b 
Inputs 


D0bii!- 
Dip  


Output 
Enable  b 


Pin  16=  Vqc 
Pin  8  =  GND 


Output 
Enable  a 


PIN  ASSIGNMENT 
[  1  • 


A1 
D3a 
D2a 
D1a 
D0a 

Ya 
GND[ 


]vCc 

i  Output 
P  Enable  b 


14  ]A0 
13  ]D3b 

12 
11 
10 
9 


]D2b 
]D1b 
]D0b 
]Yb 


FUNCTION  TABLE 


Inputs 

Output 

Output 

A1 

AO 

Enable 

Y 

X 

X 

H 

Z 

L 

L 

L 

DO 

L 

H 

L 

D1 

H 

L 

L 

D2 

H 

H 

L 

D3 

DO.  Dl,  D2,  and  D3=the  level  of 
the  respec- 
tive Data 
Inputs 

Z=  high  impedance 
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vcc 

DC  Supply  Voltage  (Referenced  to  GNDI 

-0.5  to  +7.0 

V 

Vin 

DC  Input  Voltage  (Referenced  to  GND) 

-1.5  to  Vcc  +  1-5 

V 

vout 

DC  Output  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc +0.5 

V 

•in 

DC  Input  Current,  per  Pin 

±20 

mA 

'out 

DC  Output  Current,  per  Pin 

'CC 

Plf~  Cunnli,  Pumnt    \/****  onr4  f^MH  Pine 

ouppiy  current,  vcc  ano  dnu  nns 

±  OU 

— mA"  

PD 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

fflW 

Tstq 

Storage  Temperature 

-65  to  + 150 

°c 

TL 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Packagel 
(Ceramic  DIPI 

260 
300 

°c 

♦Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
tOerating  -  Plastic  DIP:  -  10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  - 10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjn  and 
Vout  should  be  constrained  to  the 
range  GND<(Vin  or  Vout)<Vcc- 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  Vcc'-  Unused 
outputs  must  be  left  open. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GNDI 

2.0 

6.0 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

vcc 

V 

Ta 

Operating  Temperature,  All  Package  Types 

-55 

'r.  tf 

Input  Rise  and  Fall  Time                          Vcc  =2.0  v 
(Figure  1)  VCC=4.5V 

VCC  =  6.0  V 

0 
0 
0 

1000 
500 
400 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 


vCc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

Test  Conditions 

25-C  to 
-55°C 

±85°  C 

£12S°C 

Unit 

V|H 

Minimum  High-Level  Input 
Voltage 

Vout  =  0.1  Vor  Vcc-0.1  V 
|lout|  <20^A 

2.0 
4.5 
6.0 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

V 

V|L 

Maximum  Low-Level  Input 
Voltage 

Vout  =  0.1  Vor  Vcc-0.1  V 
Houtls20^A 

2.0 
4.5 
6.0 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

V 

V0H 

Minimum  High-Level  Output 
Voltage 

Vin  =  V|H  orV|L 
|lou,|  ^20^ 

2.0 
4.5 

6.0 

1.9 
4.4 
5.9 

1.9 
4.4 

5.9 

1.9 
4.4 

5.9 

V 

Vin  =  V|HorV|L  |lout|<4.0mA 
|lout|«5.2  mA 

4.5 
6.0 

3.98 
5.48 

3.84 
5.34 

3.70 
5.20 

vol 

Maximum  Low-Level  Output 
Voltage 

Vin  =  V|H  orV|L 
|lou,|=s20^ 

2.0 
4.5 
6.0 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

V 

Vin  =  V|HorV|L  |lout|<4.0mA 
|lout|  «5.2  mA 

4.5 
6.0 

0.26 
0.26 

0.33 
0.33 

0.40 
0.40 

hn 

Maximum  Input  Leakage  Current 

Vin  =  VCC  or  GND 

6.0 

±0.1 

±1.0 

±10 

fA 

ioz 

Maximum  Three-State  Leakage 
Current 

Output  in  High-Impedance  State 
Vin  =  V|L  or  V,H 
Vout  =  VCC  or  GND 

6.0 

±0.5 

±5.0 

±10.0 

fA 

ice 

Maximum  Quiescent  Supply 
Current  (per  Package) 

Vin  =  Vcc  °'  GND 
lout  =  0nA 

6.0 

8 

80 

160 

„A 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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AC  ELECTRICAL  CHARACTERISTICS  (CL  =  50  pF,  Input  tr  =  tf  =  6  ns) 


vcc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

25°C  to 
-55°C 

<85°C 

<  125°C 

Unit 

<PLH. 
»PHL 

Maximum  Propagation  Delay,  Data  to  Output  Y 
(Figures  1  and  3) 

2.0 
4.5 
6.0 

140 
28 
24 

175 
35 
30 

210 
42 
36 

ns 

'PLH- 
tPHL 

Maximum  Propagation  Delay,  Address  to  Output  Y 
(Figures  1  and  3) 

2.0 
4.5 
6.0 

175 
35 
30 

220 
44 
37 

265 
53 
45 

ns 

'PLZ. 
«PHZ 

Maximum  Propagation  Delay,  Output  Enable  to  Y 
(Figures  2  and  4) 

2.0 
4.5 
6.0 

150 
30 
26 

190 
38 
33 

225 
45 
38 

ns 

'PZL. 
tPZH 

Maximum  Propagation  Delay,  Output  Enable  to  Y 
(Figures  2  and  4) 

2.0 
4.5 
6.0 

100 
20 
17 

125 
25 
21 

150 
30 
26 

ns 

'TLH. 
<THL 

Maximum  Output  Transition  Time,  Any  Output 
(Figures  1  and  3) 

2.0 
4.5 
6.0 

75 
15 
13 

95 
19 
16 

110 
22 
19 

ns 

Cin 

Maximum  Input  Capacitance 

10 

10 

10 

pF 

cout 

Maximum  Three-State  Output  Capacitance  (Output  in  High-Impedance 
State) 

15 

15 

15 

pF 

NOTES: 

1.  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 

CpD 

Power  Dissipation  Capacitance  (Per  Multiplexer) 

Typical  ( 

1  25°C,  Vcc  =  5  0  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 
PD  =  CPD  Vcc2' +  ICC  VCC 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

31 

PF 

SWITCHING  WAVEFORMS 


Figure  2 


TEST  POINT 

DEVICE 

OUTPUT 

DEVICE 

UN0ER 

Ci  * 

UNOER 

TEST 

I 

TEST 

TEST  POINT 


CONNECT  TO  VCC  WHEN 
TESTING  tpLZ  AND  tp2L. 
CONNECT  TO  GNO  WHEN 
TESTING  IpHZ  AND  tpZH. 


♦includes  all  probe  and  jig  capacitance. 
Figure  3.  Test  Circuit 


♦includes  all  probe  and  jig  capacitance. 
Figure  4.  Test  Circuit 


MOTOROLA  HIGH-SPEED  CMOS  LOGIC  DATA 

5-263 


MC54/74HC253 


PIN  DESCRIPTIONS 


DATA  INPUTS 

D0a-D3a,  D0b-D3b  (PINS  3,  4,  5,  6, 10, 11, 12, 13)  -  Data 
inputs.  When  one  of  these  pairs  of  inputs  is  selected  and  the 
outputs  are  enabled,  the  outputs  assume  the  state  of  the 
respective  inputs. 

CONTROL  INPUTS 

AO,  A1  (PINS  2, 14)  —  Address  inputs.  These  inputs  select 
the  pair  of  Data  inputs  to  appear  at  the  corresponding  outputs. 


OUTPUT  ENABLE  (PINS  1,  15)  -  Active-low  three-state 
Output  Enable.  When  a  low  level  is  applied  to  these  inputs, 
the  corresponding  outputs  are  enabled.  When  a  high  level  is 
applied,  the  outputs  assume  the  high-impedance  state. 


OUTPUTS 

Ya.  Yb  (PINS  7,  9)  —  Noninverting  three-state  outputs. 


LOGIC  DETAIL 


DATA-WORD  a 
INPUTS 


,rM> 


NONINVERTING 
OUTPUTS 
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MC54/74HC257 


Quad  2-lnput  Data  Selector/ 
Multiplexer  With  3-State  Outputs 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC257  is  identical  in  pinout  to  the  LS257.  The  device  inputs  are 
compatible  with  standard  CMOS  outputs;  with  pullup  resistors,  they  are  compatible 
with  LSTTL  outputs. 

This  device  selects  a  14-bit)  nibble  from  either  the  A  or  B  inputs  as  determined  by 
the  Select  input.  The  nibble  is  presented  at  the  outputs  in  noninverted  form  when 
the  Output  Enable  pin  is  at  a  low  level.  A  high  level  on  the  Output  Enable  pin 
switches  the  outputs  into  the  high-impedance  state. 

The  HC257  is  similar  in  function  to  the  HC157  which  do  not  have  3-state  outputs. 

•  Output  Drive  Capability:  15  LSTTL  Loads 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1  fiA 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  108  FETs  or  27  Equivalent  Gates 


LOGIC  DIAGRAM 


2 

'  AO 

_5  

NIBBLE 

A1 

A  INPUT  ' 

A2 

11 

.  A3 

14 

'BO 

_3  

Bl 

_6  

NIBBLE 

B  INPUT 

82 

10 

B3 

13 

1 


SELECT 

OUTPUT  15 
ENABLE 


PIN  16  =  VCC 
PIN  8  =  GND 


16     If  ||  1!  I' ' 

J  SUFFIX 
CERAMIC 
CASE  620 

16     1)     |l  M 

|            N  SUFFIX 
PLASTIC 
CASE  648 

1 ' 

D  SUFFIX 

SOIC 
CASE  751 

ORDERING  INFORMATION 

MC74HCXXXN  Plastic 
MC74HCXXXD  SOIC 

Ta=  -55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 

PIN  ASSIGNMENT 


select!  i 

A0[  2 
B0[  3 
Y0[  4 
A1[  5 
B1[  6 
V1  [  7 
GND[  8 


]vCc 

]  OUTPUT  ENABLE 
]A3 
]B3 


16 
15 
14 
13 
12  pV3 
11  ]A2 
10  ]B2 
9  ]V2 


FUNCTION  TABLE 


Inputs 

Outputs 

Output 

Select 

Y0-Y3 

Enable 

H 

X 

Z 

L 

L 

AO- A3 

L 

H 

B0-B3 

X  =  don't  care 
Z  =  high-impedance  state 
A0-A3,B0-B3  =  the  levels  of  the 
respective  Nibble  Inputs. 
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MAXIMUM  HMMIVU3" 


Symbol 

Parameter 

Value 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

-0.5  to  +7.0 

V 

Vin 

DC  Input  Voltage  (Referenced  to  GND) 

-  1.5  to  Vqc  +  1-5 

V 

V0ut 

DC  Output  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc +  0-5 

V 

■in 

DC  Input  Current,  per  Pin 

±20 

mA 

'out 

DC  Output  Current,  per  Pin 

±35 

mA 

CC 

DC  Supply  Current,  Vcc  and  GND  Pins 

±75 

mA 

PD 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tsto 

Storage  Temperature 

-65  to  +150 

°C 

TL 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°C 

♦Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
tDerating  -  Plastic  DIP:  -  10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -  10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjn  and 
Vout  should  be  constrained  to  the 
range  GND  <  (Vjn  or  Vout)<VCC. 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  Vcc*-  Unused 
outputs  must  be  left  open. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vCc 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

VCC 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°C 

Input  Rise  and  Fail  Time 
(Figure  1) 

Vcc  =  2  0  V 
Vcc  =  4.5  V 
VCc  =  6.0  V 

0 
0 
0 

1000 
500 
400 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 

vCc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

Test  Conditions 

25°C  to 
-S5'C 

s85°C 

<125°C 

Unit 

V|H 

Minimum  High-Level  Input 
Voltage 

Vout  =  0.1  VorVcc- 
|loutl=s20„A 

0.1  V 

2.0 
4.5 
6.0 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

V 

VlL 

Maximum  Low-Level  Input 
Voltage 

Vout  =  0.1  Vor  VCC- 
]loutls20^ 

0.1  V 

2.0 
4.5 
6.0 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

V 

V0H 

Minimum  High-Level  Output 
Voltage 

Vin  =  V|H  °rV|L 
|loutls20«A 

2.0 
4.5 
6.0 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

V 

Vin  =  V|HorV,L 

|lout|s6.0  mA 
|lout!<7.8  mA 

4.5 
6.0 

3.98 
5.48 

3.84 
5.34 

3.70 
5.20 

vol 

Maximum  Low-Level  Output 
Voltage 

Vin  =  V|H  or  VIL 
|lout|<20flA 

2.0 
4.5 
6.0 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

V 

Vin  =  V,H  or  VIL 

|lout|<6.0  mA 
|lout|s7.8  mA 

4.5 
6.0 

0.26 
0.26 

0.33 
0.33 

0.40 
0.40 

l,n 

Maximum  Input  Leakage  Current 

Vin  =  VCC  or  GND 

6.0 

±0.1 

±1.0 

±10 

/-A 

ioz 

Maximum  Three-State  Leakage 
Current 

Output  in  High-Impedance  State 
vin  =  V|L  or  V|H 
Vout  =  Vcc  or  GND 

6.0 

±0.5 

±5.0 

±10.0 

fA 

'CC 

Maximum  Quiescent  Supply 
Current  (per  Package) 

Vin  =  VCc  or  GND 
lout  =  0/iA 

6.0 

8 

80 

160 

/•A 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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AC  ELECTRICAL  CHARACTERISTICS  (CL  =  50  pF,  Input  tr  =  tf  =  6  ns) 


Vcc 
V 

Guaranteed  Limit 

Symbol 

Parameter 

25"C  to 

<85°C 

<125°C 

Unit 

-56°C 

tPLH- 

Maximum  Propagation  Delay,  Nibble  A  or  B  to  Output  Y 

2.0 

100 

125 

150 

ns 

«PHL 

(Figures  1  and  41 

4.5 

20 

25 

30 

6.0 

17 

21 

26 

'PLH. 

Maximum  Propagation  Delay,  Select  to  Output  Y 

2.0 

100 

125 

150 

ns 

<PHL 

(Figures  2  and  4) 

4.5 

20 

25 

30 

6.0 

17 

21 

26 

tPLZ. 

Maximum  Propagation  Delay,  Output  Enable  to  Output  Y 

2.0 

150 

190 

225 

ns 

<PHZ 

(Figures  3  and  S) 

4.5 

30 

38 

45 

6.0 

26 

33 

38 

tPZL. 

Maximum  Propagation  Delay,  Output  Enable  to  Output  Y 

2.0 

150 

190 

225 

ns 

tPZH 

(Figures  3  and  5) 

4.5 

30 

38 

45 

6.0 

26 

33 

38 

Tlh- 

Maximum  Output  Transition  Time,  Any  Output 

2.0 

60 

75 

90 

ns 

*THL 

(Figures  1  and  4) 

4.5 

12 

15 

18 

6.0 

10 

13 

15 

Cin 

Maximum  Input  Capacitance 

10 

10 

10 

pF 

Cout 

Maximum  Three-State  Output  Capacitance  (Output  in  High-Impedance 

15 

15 

15 

PF 

State) 

NOTES: 

1 .  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


CPD 

Power  Dissipation  Capacitance  (Per  Package) 

Typical  @25°C,  VCC=5.0V 

Used  to  determine  the  no-load  dynamic  power  consumption: 

PD=CPD  Vcc2f  +  lcC  VCC 

39 

pF 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

PIN  DESCRIPTIONS 

INPUTS 

AO.  A1,  A2.  A3  (PINS  2,  5.  11.  14)  -  Nibble  A  input.  The 
data  present  on  these  pins  is  transferred  to  the  output  when 
the  Select  input  is  at  a  low  level  and  the  Output  Enable  input 
is  at  a  low  level.  The  data  is  presented  to  the  outputs  in 
noninverted  form. 

B0.  B1.  B2.  B3  (PINS  3.  6,  10.  131  -  Nibble  B  input.  The 
logic  data  present  on  these  pins  is  transferred  to  the  output 
when  the  Select  input  is  at  a  high  level  and  the  Output  Enable 
input  is  at  a  low  level.  The  data  is  presented  to  the  outputs 
in  noninverted  form. 

OUTPUTS 

Y0,  Y1,  Y2,  Y3  (PINS  4,  7,  9,  12)  -  Nibble  output.  The 
selected  nibble  input  is  presented  at  these  outputs  when  the 


Output  Enable  input  is  at  a  low  level.  For  the  Output  Enable 
input  at  a  high  level,  the  outputs  are  switched  to  the  high 


impedance  state. 


CONTROL  INPUTS 

SELECT  (PIN  1)  -  Nibble  select.  This  input  determines  the 
nibble  to  be  transferred  to  the  outputs.  A  low  level  on  this 
input  selects  the  A  inputs  and  a  high  level  selects  the  B  inputs. 

OUTPUT  ENABLE  (PIN  15)  -  Output  Enable.  A  low  level 
on  this  input  allows  the  selected  input  data  to  be  presented 
at  the  outputs.  A  high  level  on  this  input  forces  the  outputs 
into  the  high-impedance  state. 


MOTOROLA  HIGH-SPEED  CMOS  LOGIC  DATA 

5-267 


MC54/74HC257 

SWITCHING  WAVEFORMS 


NIBBLE  INPUT  JTm,  \ 


'PLH  ■ 


OUTPUT  V 


—  vcc 

  GND 


 "  j 

\  

*—  — H    U— 'THL 


-<PHL 


Figure  1 


OUTPUT 
ENABLE 


OUTPUT  Y 


OUTPUT  Y 


~v  / 


■  'PZL  'PLZ" 


"IPZH  'PHZ- 


Figure  3 


10% 

90%  —  VOH 


HIGH 

IMPEDANCE 


VALID — *+«  VALID 


SELECT  ^50% 
'PLH 
OUTPUT  Y 


vcc 

GND 


-tPHL 


Figure  2 


vcc 

TEST  POINT 

OUTPUT 

GND 

DEVICE 
UNDER 
TEST 

HIGH 

IMPEDANCE 
VOL 

r" 

VOH 

*lncludes  all  probe  and  jig  capacitance. 
Figure  4.  Test  Circuit 


CONNECT  TO  Vcc  WHEN 
TESTING  tPlz  AND  IPzl. 
CONNECT  TO  GND  WHEN 
TESTING  tpHZ  AND  1PZH. 


*lncludes  all  probe  and  jig  capacitance. 
Figure  5.  Test  Circuit 
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Advance  Information 

8-Bit  Addressable  Latch/ 

1  -of-8  Decoder 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC259  is  identical  in  pinout  to  the  LS259.  The  device  inputs  are 
compatible  with  standard  CMOS  outputs;  with  pullup  resistors,  they  are  compatible 
with  LSTTL  outputs. 

The  HC259  has  four  modes  of  operation  as  shown  in  the  mode  selection  table.  In 
the  addressable  latch  mode,  the  data  on  Data  In  is  written  into  the  addressed  latch. 
The  addressed  latch  follows  the  data  input  with  all  non-addressed  latches  remaining 
in  their  previous  states.  In  the  memory  mode,  all  latches  remain  in  their  previous 
state  and  are  unaffected  by  the  Data  or  Address  inputs.  In  the  one-of-eight  decod- 
ing or  demultiplexing  mode,  the  addressed  output  follows  the  state  of  Data  In  with 
all  other  outputs  in  the  LOW  state.  In  the  Reset  mode  all  outputs  are  LOW  and 
unaffected  by  the  address  and  data  inputs.  When  operating  the  HC259  as  an  ad- 
dressable latch,  changing  more  than  one  bit  of  the  address  could  impose  a  transient 
wrong  address.  Therefore,  this  should  only  be  done  while  in  the  memory  mode. 

•  Output  Drive  Capability:  10  LSTTL  Loads 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1  /iA 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  202  FETs  or  50.5  Equivalent  Gates 


LOGIC  DIAGRAM 


ADDRESS 
INPUTS 


I AO 
:; 


13 

DATA  IN   


•  03 
(Q4 


NONINVERTING 
OUTPUTS 


pin  ie  =  vcc 

PIN  8  -  GND 


J  SUFFIX 
CERAMIC 
CASE  620 


IM  SUFFIX 
PLASTIC 
CASE  648 


D  SUFFIX 

SOIC 
CASE  751 


ORDERING  INFORMATION 

MC74HCXXXN  Plastic 
MC54HCXXXJ  Ceramic 
MC74HCXXXD  SOIC 

Ta  =  -55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 


PIN  ASSIGNMENT 


AO  C 

1  • 

16 

AH 

2 

15 

]  RESET 

A2I 

3 

14 

1  ENABLE 

00  £ 

4 

13 

]  DATA  IN 

Oil 

S 

12 

]  07 

02  [ 

6 

11 

]  06 

031 

7 

10 

I  05 

GND[ 

8 

9 

104 

MODE  SELECTION  TABLE 


Enable 

Reset 

Mode 

L 

H 

Addressable  Latch 

H 

H 

Memory 

L 

L 

8-Line  Demultiplexer 

H 

L 

Reset 

LATCH  SELECTION  TABLE 


Address  Inputs 

Latch 
Addressed 

C  B 

A 

L  L 

L 

Q0 

L  L 

H 

Q1 

L  H 

L 

02 

L  H 

H 

03 

H  L 

L 

Q4 

H  L 

H 

Q5 

H  H 

L 

0.6 

H  H 

H 

Q7 

This  document  contains  information  on  a  new  product.  Specifications  and  information  herein  are  subject  to  change  without  notice. 
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MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

VCC 

DC  Supply  Voltage  (Referenced  to  GNDI 

-0.5  to  +7.0 

V 

vin 

DC  Input  Voltage  (Referenced  to  GND) 

-1.5  to  Vcc+  1-5 

V 

Vout 

DC  Output  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc +  0.5 

V 

>in 

DC  Input  Current,  per  Pin 

±20 

mA 

'out 

DC  Output  Current,  per  Pin 

±25 

mA 

ice 

DC  Supply  Current,  Vcc  and  GND  Pins 

±50 

mA 

PD 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tstq 

Storage  Temperature 

-65  to  +150 

°c 

TL 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°C 

*  Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
tDerating  -  Plastic  DIP:  -  10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjnand 
V0ut  should  be  constrained  to  the 
range  GND<(Vin  or  V0Ut)<VCC. 

Unused  inputs  must  always  be  tied 

to  an  appropriate  logic  voltage  level 

(e.g.,  either  GND  or  Vqq).  Unused 

outputs  must  be  left  open. 







RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

vcc 

V 

TA 

Operating  Temperature,  All  Package  Types 

-65 

+  125 

°c 

tr.  tf 

Input  Rise  and  Fall  Time                          VCc  =  2.0  V 
(Figure  1)                                          VCC  =  4.5V 

VCC  =  6.0  V 

0 
0 

0 

1000 
500 
400 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 


vcc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

Test  Conditions 

25°  C  to 
-55°C 

£85°C 

<125°C 

Unit 

VlH 

Minimum  High-Level  Input 
Voltage 

Vout  =  0.1  Vor  VCC 
lloutl^OjiA 

-0.1  V 

2.0 
4.5 
6.0 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

V 

VlL 

Maximum  Low-Level  Input 
Voltage 

Vout  =  0.1  Vor  VCC 
Hout!s20^A 

-0.1  V 

2.0 
4.5 

6.0 

0.3 

0.9 
1.2 

0.3 
0.9 

1.2 

0.3 
0.9 
1.2 

V 

VOH 

Minimum  High-Level  Output 
Voltage 

Vin  =  V|H  °rV|L 
|lout|s20^A 

2.0 
4.5 

6.0 

1.9 
4.4 

5.9 

1.9 
4.4 

5.9 

1.9 
4.4 
5.9 

V 

Vin  =  V|H  °'  V|L 

Iou,|s4.0  mA 
|lout|<5.2  mA 

4.5 
6.0 

3.98 
5.48 

3.84 
5.34 

3.70 
5.20 

vol 

Maximum  Low-Level  Output 
Voltage 

Vin  =  V,H  or  V|L 
|lout|<20,,A 

2.0 
4.5 
6.0 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

V 

Vin  =  V|H  or  V|L 

lou,|<4.0  mA 
|lout|s5.2  mA 

4.5 
6.0 

0.26 
0.26 

0.33 
0.33 

0.40 
0.40 

'in 

Maximum  Input  Leakage  Current 

Vin  =  VCC  or  GND 

6.0 

±0.1 

±1.0 

±1.0 

dA 

ice 

Maximum  Quiescent  Supply 
Current  (per  Package) 

Vin  =  VCC  or  GND 
lout  =  °  fA 

6.0 

8 

80 

160 

MA 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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AC  ELECTRICAL  CHARACTERISTICS  (CL  =  50  pF,  Input  tr  =  tf  =  6  ns) 


vcc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

25°C  to 

S85°C 

<125°C 

i  

Unit 

-55°C 

«PLH. 

Maximum  Propagation  Delay,  Data  to  Output 

2.0 

185 

230 

280 

ns 

*PHL 

{Figures  1  and  6) 

4.5 

37 

46 

56 

6.0 

31 

39 

48 

tPLH. 

'  

Maximum  Propagation  Delay,  Address  Select  to  Output 

2.0 

215 

270 

325 

ns 

tPHL 

{Figures  2  and  6) 

4.5 

43 

54 

65 

6.0 

37 

46 

55 

tPLH. 

Maximum  Propagation  Delay,  Enable  to  Output 

2.0 

200 

250 

300 

ns 

(Figures  3  and  6) 

4.5 

40 

50 

60 

6.0 

34 

43 

51 

'PHL 

Maximum  Propagation  Delay,  Reset  to  Output 

2.0 

155 

195 

235 

ns 

(Figures  4  and  6) 

4.5 

31 

39 

47 

6.0 

26 

33 

40 

«TLH. 

Maximum  Output  Transition  Time,  Any  Output 

2.0 

75 

95 

110 

ns 

<THL 

{Figures  1  and  6) 

4.5 

15 

19 

22 

6.0 

13 

16 

19 

Cin 

Maximum  Input  Capacitance 

10 

10 

10 

pF 

NOTES: 

1.  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


Cpo 

Power  Dissipation  Capacitance  (Per  Package) 

Typical  @  25°C,  VCc  =  5  n  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 

PD  =  CPD  Vcc2f  +  ICC  VCC 

30 

PF 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

TIMING  REQUIREMENTS  (Input  tr  =  tf  =  6  ns) 


vCc 

Guaranteed  Limit 

Symbol 

Parameter 

25°C  to 

Unit 

V 

-55°C 

<85°C 

s125°C 

tsu 

Minimum  Setup  Time,  Address  or  Data  to  Enable 

2.0 

100 

125 

150 

ns 

(Figure  5) 

4.5 

20 

25 

30 

6.0 

17 

21 

26 

«h 

Minimum  Hold  Time,  Enable  to  Address  or  Data 

2.0 

5 

5 

5 

ns 

(Figure  5) 

4.5 

5 

5 

5 

6.0 

5 

5 

5 

tw 

Minimum  Pulse  Width,  Reset  or  Enable 

2.0 

80 

100 

120 

ns 

(Figure  3  or  4) 

4.5 

16 

20 

24 

6.0 

14 

17 

20 

«r-  <f 

Maximum  Input  Rise  and  Fall  Times 

2.0 

1000 

1000 

1000 

ns 

(Figure  1) 

4.5 

500 

500 

500 

6.0 

400 

400 

■soo 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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MC54/74HC259 

SWITCHING  WAVEFORMS 


DATA  IN 
OR 

ADDRESS 
SELECT" 


-H     U-'NHI  \-  >\  'M 


ENABLE 


a  rz 


.  GND 

>h(U 

VCC 
GND 


DEVICE 
UNDER 
TEST 


TEST  POINT 

( > 


OUTPUT 


•includes  all  probe  and  jig  capacitance. 


Figure  5 


Figure  6.  Test  Circuit 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL  DATA 


MC54/74HC266 


Quad  2-lnput  Exclusive  NOR 
Gate  with  Open-Drain  Outputs 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC266  is  identical  in  pinout  to  the  LS266.  The  HC266  inputs  are 
compatible  with  standard  CMOS  outputs;  with  pullup  resistors,  they  are  compatible 
with  LSTTL  outputs. 

The  HC266  output  is  a  high-performance  MOS  N-Channel  FET.  Therefore,  with 
suitable  output  pullup  resistors,  this  gate  can  be  used  in  wired  AND  applications. 
Using  the  output  characteristic  curves  in  this  data  sheet,  this  device  can  be  used  as 
an  LED  driver,  or  in  any  application  that  only  requires  a  sinking  current. 

To  comply  with  JEDEC  Standard  No.  7A,  Motorola's  HC266  manufactured  after 
the  date  code  8547  has  open-drain  outputs.  HC266  prior  to  the  date  code  8547  has 
standard  CMOS  outputs.  (See  Figure  4  for  date  code  identifier.) 

For  applications  requiring  Standard  CMOS  outputs,  use  the  HC7266. 

•  Output  Drive  Capability:  10  LSTTL  Loads  with  Suitable  Pullup  Resistor 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1  *iA 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  52  FETs  or  13  Equivalent  Gates 


J  SUFFIX 
CERAMIC 
CASE  632 


N  SUFFIX 
PLASTIC 
CASE  646 


D  SUFFIX 

SOIC 
CASE  751A 


ORDERING  INFORMATION 

MC74HCXXXN  Plastic 
MC54HCXXXJ  Ceramic 
MC74HCXXXD  SOIC 

T^=  -55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 


LOGIC  DIAGRAM 


VCC 


3,  4,  10,  11 


PIN  14  =  VCC 
PIN  7  =  GND 


♦Denotes  Open-Drain  Outputs 


PIN  ASSIGNMENT 


GND[ 


FUNCTION  TABLE 


Inputs 

Output 

A 

8 

Y 

L 

L 

Z 

L 

H 

L 

H 

L 

L 

H 

H 

Z 

Z  =  high  impedance 
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MC54/74HC266 


MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

VCC 

DC  Supply  Voltage  (Referenced  to  GND) 

_  o,5  to  +  7.0 

V 

vin 

nr  1  rim  it  \/nltano  1  PoforonroH  in  f^MHl 
U  L>  llipUL  v  Ul  lay  C  Inclclcl  ItcU  LU  Vj  It  L#  / 

Vout 

DC  Output  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc +  0.5 

V 

'in 

DC  Input  Current,  per  Pin 

±20 

mA 

'out 

DC  Output  Current,  per  Pin 

±25 

mA 

'CC 

DC  Supply  Current,  Vcc  and  GND  Pins 

±50 

mA 

PD 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tstg 

Storage  Temperature 

-65  to  +150 

°C 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°C 

♦Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
tDerating  -  Plastic  DIP:  -10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -  10  mW7°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjn  and 
Vout  should  be  constrained  to  the 
range  GND<  (Vjn  or  Vout)<VCC- 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  Vcc>-  Unused 
outputs  must  be  left  open. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min  Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

vcc 

V 

Ta 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

'r.  tf 

Input  Rise  and  Fall  Time                         Vcc  =  2.0  V 
(Figure  1)                                          Vcc  =  4.5V 

VCC  =6.0  V 

0 
0 
0 

1000 
500 
400 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 


vCc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

Test  Conditions 

25°  C  to 
-55°C 

s85°C 

Unit 

VlH 

Minimum  High-Level  Input 
Voltage 

V0ut  =  0.1  V,  lOut=0«A 
°'Vout  =  VCC-0.1  V, 
Rpu  per  Figure  2 

2.0 
4.5 
6.0 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

V 

V|L 

Maximum  Low-Level  Input 
Voltage 

Vout  =  0.1  V,lout  =  0,.A 
orVout  =  VCC-0.1  V, 
RDU  per  Figure  2 

2.0 
4.5 
6.0 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

V 

vol 

Maximum  Low-Level  Output 
Voltage 

Vin  =  V|H  or  V|L 
|loutl  s20/iA 

2.0 
4.5 
6.0 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

V 

Vin  =  V|H°rV|L  |lou,|s4.0mA 
1  lout!  ^  5.2  mA 

4.5 
6.0 

0.26 
0.26 

0.33 
0.33 

0.40 
0.40 

'in 

Maximum  Input  Leakage  Current 

Vin  =  Vcc  or  GND 

6.0 

±0.1 

±1.0 

±1.0 

'oz 

Maximum  Three- State  Leakage 
Current 

Output  in  High-Impedance  State 
Vin  =  V|L  or  Vm 
Vout  =  VCC  or  GND 

6.0 

±0.5 

±5.0 

+  10.0 

„A 

'cc 

Maximum  Quiescent  Supply 
Current  (per  Package) 

Vin  =  Vcc  or  GND 
lout  =  0/iA 

6.0 

2 

20 

40 

^A 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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AC  ELECTRICAL  CHARACTERISTICS  (CL  =  50  pF,  Input  tr  =  tf  =  6  ns) 


vcc 

Guaranteed  Limit 

Symbol 

Parameter 

25°C  to 

Unit 

V 

-56°C 

s85°C 

£125°C 

tp[  7, 

Maximum  Propagation  Delay, 

2.0 

120 

150 

180 

ns 

'PZL 

(Figures  1  and  2) 

4.5 

24 

30 

36 

6.0 

20 

26 

31 

*THL 

Maximum  Output  Transition  Time,  Any  Output 

2.0 

75 

95 

110 

ns 

(Figures  1  and  2) 

4.5 

15 

19 

22 

6.0 

13 

16 

19 

Cin 

Maximum  Input  Capacitance 

10 

10 

10 

pF 

cout 

Maximum  Three-State  Output  Capacitance  (Output  in  High-Impedance 

10 

10 

10 

pF 

State] 

NOTES: 

1 .  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


Cpo 

Power  Dissipation  Capacitance  (Per  Gate) 

Typical  @  2S°C,  VCC  =  5.0  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 

PD=Cpo  Vcc2' +  ice  VCC 

11 

pF 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

25 


OUTPUT  Y 


Figure  1.  Switching  Waveforms 

vcc 


l  ki7< 

;RPU 

Y 

I  C 

DEVICE 

UNDER 

TEST 

=  <d* 

,  TEST 


♦includes  all  probe  and  jig  capacitance. 
Figure  2.  Test  Circuit 


(• — 

TYPICAL 
T  =  25°C 

VCC  =  5V 

T  =  25°C 

T  =  85°C 

T=125°C 

"""^■EXPEC 

ED  MINIMUM* 

0  1  2  3  4  5 

V0.  OUTPUT  VOLTAGE,  (V0LTSI 

*The  expected  minimum  curves  are  not  guarantees,  but  are  design  aids. 
Figure  3.  Open-Drain  Output  Characteristics 


MC74HC266 
5  N  D8547 


4  DIGIT  DATE  CODE 
(YEAR  1985,  WEEK  47) 


DIP 


HC266 

• 

®  D547 

Figure  4.  Date  Code  Identifier 


3  DIGIT  DATE  CODE 
"(YEAR  1985,  WEEK  47] 


4b.  SOIC 


MOTOROLA  HIGH-SPEED  CMOS  LOGIC  DATA 


WIRED  AND 


A1- 
B1- 


A2- 
B2- 


*  % 
HC266 


k"CC 

>  PUILUP 
'  RESISTOR 


0UTPUT  =  Yl«Y2...«Yn 

=  A1  9>B1«A2eB2-— ATeSn 


-OUTPUT 


STATE  INDICATOR  WITH  LED  DRIVER  CIRCUIT 


INPUT  A 


DESIGN  EXAMPLE 
CONDITIONS:  lD  =  10  mA 


USING  FIGURE  3  TYPICAL  CURVE,  <g>  lD  =  TO  mA.  VDS  =  0.4  V 

vcc  -  Vf  -  VQ 
Id 

5V  -  1.7V  -  0.4V 


.-.  R 


10  i 


=  290  n 
Use  R  =  270  ft 


FUNCTION  TABLE 


Input 

State 

A 

B 

Indicator 
Control 

LED  1 

LEO  2 

0 

0 

0 

OFF 

OFF 

0 

0 

1 

ON 

ON 

0 

1 

0 

OFF 

ON 

0 

1 

1 

ON 

OFF 

1 

0 

0 

ON 

OFF 

1 

0 

1 

OFF 

ON 

1 

1 

0 

ON 

ON 

1 

1 

1 

OFF 

OFF 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL  DATA 


Octal  D  Flip-Flop  with  Common 
Clock  and  Reset 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC273  is  identical  in  pinout  to  the  LS273.  The  device  inputs  are 
compatible  with  standard  CMOS  outputs;  with  pullup  resistors,  they  are  compatible 
with  LSTTL  outputs. 

The  device  consists  of  eight  D  flip-flops  with  common  Clock  and  Reset  inputs. 
Each  flip-flop  is  loaded  with  a  low-to-high  transition  of  the  Clock  input.  Reset  is 
asynchronous  and  active-low. 

•  Output  Drive  Capability:  10  LSTTL  Loads 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1  jiA 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  264  FETs  or  66  Equivalent  Gates 


LOGIC  DIAGRAM 


Data 
Inputs 


DO 
D1 
D2 
D3 
D4 
D5 
D6 
L  D7 


Reset 


3 

2 

4 

5 

7 

6 

8 

9 

13 

12 

14 

15 

17 

16 

18 

19 

11 

> 

Q0 
Q1 
0.2 
Q3 
Q4 
Q5 
Q6 
Q7 


Noninverting 
Outputs 


Vcc=Pin  20 
GND=  Pin  10 


MC54/74HC273 


J  SUFFIX 
CERAMIC 
CASE  732 


N  SUFFIX 
PLASTIC 
CASE  738 


DW  SUFFIX 

SOIC 
CASE  7S1D 


ORDERING  INFORMATION 

MC74HCXXXN  Plastic 
MC54HCXXXJ  Ceramic 
MC74HCXXXDW  SOIC 

TA=  -55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 


PIN  ASSIGNMENT 


FUNCTION  TABLE 


Inputs 

Output 

Reset  Clock  D 

Q 

L       X  X 
H     _/—  H 
H     _/—  L 
H        L  X 
H  X 

L 
H 

L 

no  change 
no  change 
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MC54/74HC273 


MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 



Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

-0.5  to  +7.0 

Vin 

DC  Input  Voltage  (Referenced  to  GND) 

-  1.5  to  Vcc  +  1-5 

V 

Vout 

DC  Output  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc  +  0.5 

V 

l,n 

DC  Input  Current,  per  Pin 

±20 

mA 

'out 

DC  Output  Current,  per  Pin 

+  25 

ice 

DC  Supply  Current,  Vcc  and  GND  Pins 

±50 

mA 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tstg 

Storage  Temperature 

-65  to  +  150 

°c 

tl 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°C 

*  Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
tDerating  -  Plastic  DIP:  -10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -  10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjn  and 
Vout  should  be  constrained  to  the 
range  GND<(Vin  or  V0Ut)<VCc. 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  Vcc).  Unused 
outputs  must  be  left  open. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vCc 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

vcc 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

Input  Rise  and  Fall  Time                          Vcc  ■  2.0  V 
(Figure  1)  Vcc=4.5V 

VCC  =6.0  V 

0 
0 
0 

1000 
500 
400 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 


vcc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

Test  Conditions 

25°C  to 
-55°C 

3=85°C 

<125°C 

Unit 

V|H 

Minimum  High-Level  Input 
Voltage 

Vout  =  0.1  Vor  VCC 
HoutI  S20  fiA 

-0.1  V 

2.0 
4.5 
6.0 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

V 

V|L 

Maximum  Low-Level  Input 
Voltage 

Vout  =  0.1  V  or  VCC 
|lou,|s20(iA 

-0.1  V 

2.0 
4.5 
6.0 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

V 

VOH 

Minimum  High-Level  Output 
Voltage 

Vin  =  V|H  or  V|L 
|lout|s20^A 

2.0 
4.5 

1.9 
4.4 

1.9 
4.4 

1.9 
4.4 

V 

6.0 

5.9 

5.9 

5.9 

Vin  =  V|H  or  V|L 

|lout|<4.0  mA 
|lout|<5.2  mA 

4.5 

6.0 

3.98 
5.48 

3.84 
5.34 

3.70 
5.20 

Vol 

Maximum  Low- Level  Output 
Voltage 

Vin  =  V|H  or  V|L 
|lout|<20,.A 

2.0 
4.5 
6.0 

0.1 
0.1 
0.1 

0.1 
0.1 

0.1 

0.1 
0.1 
0.1 

V 

Vin  =  V|H  orV|L 

|lout|  3=4.0  mA 
|lout|  3=5.2  mA 

4.5 
6.0 

0.26 
0.26 

0.33 
0.33 

0.40 
0.40 

Ifn 

Maximum  Input  Leakage  Current 

Vin  =  VCC  or  GND 

6.0 

±0.1 

±1.0 

±1.0 

«A 

'cc 

Maximum  Quiescent  Supply 
Current  Iper  Package) 

Vin  =  Vcc  or  GND 
lout=0*A 

6.0 

8 

80 

160 

„A 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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MC54/74HC273 


AC  ELECTRICAL  CHARACTERISTICS  [CL  =  50  pF,  Input  tr  =  tf  =  6  nsl 


VCC 

Guaranteed  Limit 

Symbol 

Parameter 

25°C  to 

Unit 

V 

<85°C 

s125°C 

-55°C 

fmax 

Maximum  Clock  Frequency  (50%  Duty  Cycle) 

2.0 

6.0 

4.8 

4.0 

MHz 

(Figures  1  and  4) 

4.5 

30 

24 

20 

6.0 

35 

28 

24 

tPLH. 

Maximum  Propagation  Delay,  Clock  to  Q 

2.0 

160 

200 

240 

ns 

tPHL 

(Figures  1  and  4) 

4.5 

32 

40 

48 

6.0 

27 

34 

41 

<PHL 

Maximum  Propagation  Delay.  Reset  to  Q 

2.0 

160 

200 

240 

ns 

(Figures  2  and  41 

4.5 

32 

40 

48 

6.0 

27 

34 

41 

»TLH- 

Maximum  Output  Transition  Time,  Any  Output 

2.0 

75 

95 

110 

ns 

tTHL 

(Figures  1  and  4} 

4.5 

15 

19 

22 

6.0 

13 

16 

19 

cin 

Maximum  Input  Capacitance 

10 

10 

10 

pF 

NOTES: 


1.  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


CPD 

Power  Dissipation  Capacitance  (Per  Ffip-Flop) 

Typical  @  25°C.  VCC  =  5.0V 

Used  to  determine  the  no-load  dynamic  power  consumption: 

Prj  =  CpD  Vcc^+lcC  VCC 

38 

PF 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

TIMING  REQUIREMENTS  (Input  tr  =  tf  =  6  nsl 


Guaranteed  Li 

mit 

Symbol 

Parameter 

VCC 

—  55°  C 

Unit 

lsu 

Minimum  Setup  Time,  Data  to  Clock 

2.0 

100 

125 

150 

ns 

(Figure  3) 

4.5 

20 

25 

30 

6.0 

17 

21 

26 

Minimum  Hold  Time,  Clock  to  Data 

2.0 

25 

30 

40 

ns 

(Figure  3) 

4.5 

5 

6 

8 

6.0 

5 

6 

7 

lrec 

Minimum  Recovery  Time,  Reset  Inactive  to  Clock 

2.0 

100 

125 

150 

ns 

(Figure  2) 

4.5 

20 

25 

30 

6.0 

17 

21 

26 

'w 

Minimum  Pulse  Width,  Clock 

2.0 

80 

100 

120 

ns 

(Figure  1) 

4.5 

16 

20 

24 

6.0 

14 

17 

20 

«w 

Minimum  Pulse  Width,  Reset 

2.0 

80 

100 

120 

ns 

(Figure  2) 

4.5 

16 

20 

24 

6.0 

14 

17 

20 

*r>  «f 

Maximum  Input  Rise  and  Fall  Times 

2.0 

1000 

1000 

1000 

ns 

(Figure  1) 

4.5 

500 

500 

500 

6.0 

400 

400 

400 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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Dl 


D2 


D4 


D6 


D7 


Clock 
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SEMICONDUCTOR 
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9-Bit  Odd/Even  Parity  Generator/ 
Checker 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC280  is  identical  in  pmout  to  the  LS280.  The  device  inputs  are 
compatible  with  standard  CMOS  outputs;  with  pullup  resistors,  they  are  compatible 
with  LSTTL  outputs. 

This  circuit  consists  of  9  data-bit  inputs  (A  through  I)  and  2  outputs  (Even  Parity 
and  Odd  Parity)  to  allow  both  odd  and  even  parity  applications.  Words  greater  than 
9-bits  can  be  accommodated  by  cascading  other  HC280  devices. 

This  device  can  be  used  in  systems  utilizing  the  LS180  parity  generator/checker. 
Although  the  HC280  does  not  have  expander  inputs,  the  corresponding  function  is 
provided  by  an  input  at  pin  4  and  the  absence  of  any  connection  at  pin  3.  This 
permits  the  HC280  to  be  substituted  for  the  LS180  to  produce  a  similar  function, 
even  if  the  HC280s  are  mixed  with  existing  LS180s.  NOTE:  Pullup  resistors  must  be 
used  on  the  LS180  outputs  to  interface  with  the  HC280. 

•  Output  Drive  Capability:  10  LSTTL  Loads 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1  ^A 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  226  FETs  or  56.5  Equivalent  Gates 


LOGIC  DIAGRAM 


9-Bit 
Data- 
Word 
Inputs 


A  8 

B 

9 

c 

10 

n  11 

E 

12 

F 

13 

R  1 

H 

2 

1  4 

_5 — Even  Parity"!  panty 
_§  Odd  Parity  J  Outputs 


V(X=  P'n  14 
GND=  Pin  7 
no  connection  =  Pin  3 


MC54/74HC280 


J  SUFFIX 
CERAMIC 
CASE  632 


N  SUFFIX 
PLASTIC 
CASE  646 


D  SUFFIX 

SOIC 
CASE  751 A 


ORDERING  INFORMATION 

MC74HCXXXN  Plastic 
MC54HCXXXJ  Ceramic 
MC74HCXXXD  SOIC 


TA=  -56°  to  125°Cfor  all 
Dimensions  in  Chapter  7. 


PIN  ASSIGNMENT 

G  C 

1* 

14 

]  vcc 

h  r. 

2 

13 

]  F 

NC  [ 

3 

12 

]  E 

i  C 

4 

11 

]  D 

Even  Parity  C 

5 

10 

1  c 

Odd  Parity  [ 

6 

9 

1  B 

GND  [ 

7 

8 

1  A 

NC 

=  no  connection 

FUNCTION  TABLE 


Number  of  Inputs  A  through 
1  that  are  high 

Outputs 

Even 
Parity 

Odd 
Parity 

0,  2,  4,  6,  8 

H 

L 

1,  3,  5,  7,  9 

L 

H 

MOTOROLA  HIGH  SPEED  CMOS  LOGIC  DATA 


MC54/74HC280 


MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

-0.5  to  +7.0 

V 

Vin 

DC  Input  Voltage  (Referenced  to  GND) 

-1.5  to  Vcc +  1-5 

V 

Vout 

DC  Output  Voltage  (Referenced  to  GND) 

-0.5  to  Vqc+0.5 

V 

■in 

DC  Input  Current,  per  Pin 

±20 

mA 

■out 

DC  Output  Current,  per  Pin 

±25 

mA 

ice 

DC  Supply  Current,  V(;c  and  GND  Pins 

±50 

mA 

PD 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

TStq 

Storage  Temperature 

-65  to  +150 

°C 

tl 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°C 

♦Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
tDerating  -  Plastic  DIP:  -  10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjn  and 
Vout  snould  be  constrained  to  the 
range  GND<(Vjn  or  Vout)<Vcc- 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  Vcc).  Unused 
outputs  must  be  left  open. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

vcc 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

tr.  tf 

Input  Rise  and  Fall  Time                        Vcc  =  2.0  v 
(Figure  1)  VCC=4.5V 

VCC  =  6.0  V 

0 
0 
0 

1000 
500 
400 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 


Symbol 

Parameter 

Test  Conditions 

VCC 
V 

Guaranteed  Limit 

Unit 

25°  C  to 
-66°C 

<85°C 

<125°C 

V|H 

Minimum  High-Level  Input 
Voltage 

Vout  =  0.1  VorVcc-0.1  V 
|lout|<=20„A 

2.0 
4.5 
6.0 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

V 

V|L 

Maximum  Low-Level  Input 
Voltage 

Vout  =  0.1  VorVcc-0.1  V 
|lout|<20,.A 

2.0 
4.5 
6.0 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

V 

V0H 

Minimum  High-Level  Output 
Voltage 

Vin  =  V|H  or  V,L 
|lout|<20(1A 

2.0 
4.5 
6.0 

1.9 
4.4 

5.9 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

V 

Vin=V|HorV|L             |lout|  ==4.0  mA 
|lout|<5.2  mA 

4.5 
6.0 

3.98 
5.48 

3.84 
5.34 

3.70 
5.20 

vol 

Maximum  Low-Level  Output 
Voltage 

Vin  =  V|H  °'V|L 
|lout|<20^A 

2.0 
4.5 
6.0 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

V 

Vin  =  V|HorV|L                   <4.0  mA 
|lout|<5.2  mA 

4.5 
6.0 

0.26 
0.26 

0.33 
0.33 

0.40 
0.40 

■in 

Maximum  Input  Leakage  Current 

Vin  =  Vcc°f  GND 

6.0 

±0.1 

±1.0 

±1.0 

pA 

ice 

Maximum  Quiescent  Supply 
Current  (per  Package) 

Vin  =  VCC  or  GND 
lout  =  0^ 

6.0 

8 

80 

160 

/•A 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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vcc 

Guaranteed  Limit 

Symbol 

Parameter 

2S°C  to 

Unit 

'85°C 

<12S°C 

-55°C 

tPLH- 

Maximum  Propagation  Delay  Dats  Inputs  to  Parity  Outputs 

2.0 

205 

255 

310 

ns 

tpHL 

(Figures  1  and  2) 

4.5 

41 

51 

62 

6.0 

35 

43 

53 

n"LH' 

Maximum  Output  Transition  Time,  Any  Output 

2.0 

75 

95 

110 

ns 

tTHL 

(Figures  1  and  2) 

4.5 

15 

19 

22 

6.0 

13 

16 

19 

Maximum  Input  Capacitance 

10 

10 

10 

pF 

NOTES: 

1 .  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


CPD 

Power  Dissipation  Capacitance  (Per  Package) 

Typical  @  2S°C.  Vcc  =  5.0  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 
PD  =  CpD  Vcc2'  +  'CC  VCC 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

60 

pF 

PIN  DESCRIPTIONS 


INPUTS 

A,  B,  C,  D,  E,  F,  G,  H,  I  (Pins  8-13,  1,  2,  4)  -  Nine-bit 
data-word  inputs.  The  data  word  placed  on  these  pins  is 
checked  for  even  or  odd  parity. 


OUTPUTS 

Even  Parity  (Pin  5)  -  Even-parity  output.  This  pin  goes 
high  if  the  data  word  has  even  parity  and  low  if  the  data  word 
has  odd  parity. 

Odd  Parity  (Pin  6)  —  Odd-parity  output.  This  pin  goes  high 
if  the  data  word  has  odd  parity  and  low  if  the  data  word  has 
even  parity. 


FIGURE  1  -  SWITCHING  WAVEFORMS 


Data  Input 


jfiu%  ~\ 

r  50%  \ 
 s 1 10%  3  -. 


VCC 
GND 


FIGURE  2 

-  TEST  CIRCUIT 

Test  Point 

Output 

Device 

Under 
Test 

*  Includes  all  probe  and  |ig  capacitance 
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TYPICAL  APPLICATIONS 


CASCADED  17-BIT  ODD/EVEN  PARITY 
GENERATOR/CHECKER 


CASCADED  33-BIT  ODD/EVEN  PARITY 
GENERATOR/CHECKER 


9  BIT 
DATA-WORD 
INPUT 


10 


HC280 


5       EVEN  PARITY 


6      ODD  PARITY 


9  BIT 
DATA-WORD 
INPUT 


5     EVEN  PARITY 


6     ODD  PARITY 


8-BIT 
OATA-WORD 
INPUT 


HC280 


EVEN  PARITY 


ODD  PARITY 


5     EVEN  PARITY 


6     ODD  PARITY 


5     EVEN  PARITY 


6     ODD  PARITY 


5     EVEN  PARITY 


6      ODD  PARITY 


PARITY 
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Product  Preview 

4-Bit  Binary  Full  Adder  with 
Fast  Carry 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC283  is  identical  in  pinout  to  the  LS283.  The  device  inputs  are 
compatible  with  standard  CMOS  outputs;  with  pullup  resistors,  they  are  compatible 
with  LSTTL  outputs. 

The  HC283  is  a  high-speed  4-bit  binary  Full  Adder  with  internal  carry  lookahead. 
The  device  adds  two  4-bit  words  (A  and  B)  plus  the  Carry-In  bit.  The  binary  sum 
appears  at  the  Sum  outputs  (S),  and  any  resulting  carries  appear  at  the  Carry-Out 
pin. 

Because  of  the  symmetry  of  the  binary  add  function,  the  HC283  can  be  used 
either  with  all  inputs  and  outputs  active-high  (positive  logic),  or  with  all  inputs  and 
outputs  active-low  (negative  logic).  With  active-high  inputs.  Carry  In  must  be  held 
low  when  no  carry-in  is  intended. 

•  Output  Drive  Capability:  10  LSTTL  Loads 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1  fiA 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  212  FETs  or  53  Equivalent  Gates 


LOGIC  DIAGRAM 


CARRY  OUT 


PIN  16  =  VCC 
PIN  8  =  GND 


MC54/74HC283 


J  SUFFIX 
CERAMIC 
CASE  620 


IM  SUFFIX 
PLASTIC 
CASE  648 


D  SUFFIX 

SOIC 
CASE  751 


ORDERING  INFORMATION 

MC74HCXXXN  Plastic 
MC54HCXXXJ  Ceramic 
MC74HCXXXD  SOIC 

T^=  -55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 


PIN  ASSIGNMENT 


S1[  1 
B1[  2 
All  3 
S0[  4 
A0[  5 
B0[  6 
CARRY  IN[  7 
GND  [  8 


Ivcc 

182 
IA2 
]S2 
]A3 
]B3 
]S3 

]  CARRY  OUT 


FUNCTION  TABLE 


Inputs 

Outputs 

An 

Bn 

Cln  = 

COn_! 

Sn 

COn  =  Cln  +  1 

L 

L 

L 

L 

L 

L 

L 

H 

H 

L 

L 

H 

L 

H 

L 

L 

H 

H 

L 

H 

H 

L 

L 

H 

L 

H 

L 

H 

L 

H 

H 

H 

L 

L 

H 

H 

H 

H 

H 

H 

n  =  0,  1,  2,  3  (A3,  B3,  and  S3  are  the  most 
significant  bits) 


This  document  contains  information  on  a  product  under  development.  Motorola  reserves  the  right  to  change  or  discontinue  this  product  without  notice. 
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MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

ul  ouppiy  vouage  ineTerencea  to  ui^ui 

_n  R  tn  4-7  0 

vin 

input  voltage  inererencea  10  uinuj 

—  I.J  IU  V(]QT  l.y 

Vout 

DC  Output  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc  +  0.5 

V 

'in 

DC  Input  Current,  per  Pin 

±20 

mA 

'out 

DC  Output  Current,  per  Pin 

±25 

mA 

'cc 

DC  Supply  Current,  Vqc        GND  Pins 

±50 

mA 

PD 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  PackageT 

750 
500 

mW 

Tstq 

Storage  Temperature 

-65  to  +150 

C 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
{Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°c 

*  Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
TDerating  -  Plastic  DIP:  - 10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -  10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjn  and 
V0ut  should  be  constrained  to  the 
range  GND  < (Vjn  or  V0Ut,<VCC' 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  Vcc'  Unused 
outputs  must  be  left  open. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

vcc 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

tr.  tf 

Input  Rise  and  Fall  Time                          Vcc  =2.0  v 
(Figure  1)                                          Vcc  =  4.5V 

VCC  =  6.0  V 

0 
0 
0 

1000 
500 
400 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 


vcc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

Test  Conditions 

25°C  to 

s8S°C 

s125°C 

Unit 

-56°C 

V|H 

Minimum  High-Level  input 

Vout  =  0.1  Vor  VCC- 

0.1  V 

2.0 

1.5 

1.5 

1.5 

V 

Voltage 

I'outl  220  mA 

4.5 

3.15 

3.15 

3.15 

6.0 

4.2 

4.2 

4.2 

V|L 

Maximum  Low-Level  Input 

Vout  =  0.1  VorVcc- 

0.1  V 

2.0 

0.3 

0.3 

0.3 

V 

Voltage 

|lout|<20«A 

4.5 

0.9 

0.9 

0.9 

6.0 

1.2 

1.2 

1.2 

VOH 

Minimum  High-Level  Output 

Vin  =  V|HorV|L 

2.0 

1.9 

1.9 

1.9 

V 

Voltage 

Houtl^OpA 

4.5 

4.4 

4.4 

4.4 

6.0 

5.9 

5.9 

5.9 

Vin  =  V|H  or  V|L 

|lout|s4.0  mA 

4.5 

3.98 

3.84 

3.70 

|loutjs5.2  mA 

6.0 

5.48 

5.34 

5.20 

vol 

Maximum  Low-Level  Output 

Vin  =  V|H  Of  V|L 

2.0 

0.1 

0.1 

0.1 

V 

Voltage 

lloutl^O^A 

4.5 

0.1 

0.1 

0.1 

6.0 

0.1 

0.1 

0.1 

Vin  =  V,H  or  V|L 

Iout|s4.0  mA 

4.5 

0.26 

0.33 

0.40 

|lout|s5.2  mA 

6.0 

0.26 

0.33 

0.40 

l-m 

Maximum  Input  Leakage  Current 

Vin  =  VCC  or  GND 

6.0 

±0.1 

±1-0 

±1.0 

*A 

ice 

Maximum  Quiescent  Supply 

Vin  =  VCC  or  GND 

6.0 

8 

80 

160 

l-A 

Current  (per  Package) 

lout  =  0^A 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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AC  ELECTRICAL  CHARACTERISTICS  (CL  =  50  pF,  Input  tr  =  tf  =  6  ns) 


VCC 
V 

Projected  Lin 

lit 

Symbol 

Parameter 

25°C  to 
-55°C 

<85°C 

<125°C 

Unit 

*PLH. 

Maximum  Propagation  Delay,  Carry  In  to  Sum  Out 

2.0 

210 

265 

315 

ns 

'PHL 

(Figures  1  and  31 

4.5 

42 

53 

63 

6.0 

36 

45 

54 

'PLH. 

Maximum  Propagation  Delay,  A  or  B  to  Sum  Out 

2.0 

270 

340 

405 

ns 

'PHL 

(Figures  1  and  3) 

4.5 
6.0 

54 
46 

68 
58 

81 
69 

'PLH- 

Maximum  Propagation  Delay,  Carry  In  to  Carry  Out 

2.0 

195 

245 

295 

ns 

•PHL 

(Figures  2  and  3) 

4.5 

39 

49 

59 

6.0 

33 

42 

50 

'PLH. 

Maximum  Propagation  Delay,  A  or  B  to  Carry  Out 

2.0 

225 

280 

340 

ns 

tPHL 

(Figures  2  and  3) 

4.5 

6.0 

45 
38 

56 
48 

68 
58 

'TLH. 

Maximum  Output  Transition  Time,  Any  Output 

2.0 

75 

95 

110 

ns 

•THL 

(Figures  1  and  3) 

4.5 

15 

19 

22 

6.0 

13 

16 

19 

Cin 

Maximum  Input  Capacitance 

10 

10 

10 

PF 

NOTES: 

1 .  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


Cpo 

Power  Dissipation  Capacitance  (Per  Package) 

Typical  @  25°C,  VCc  =  S  0  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 
PD  =  CpD  Vcc2*  +  ice  VCC 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

130 

pF 

SWITCHING  WAVEFORMS 


Figure  1  Figure  2 


TEST 

0 

DEVICE 

OUTPUT 

UNDER 

TEST 

"Includes  all  probe  and  jig  capacitance. 
Figure  3.  Test  Circuit 
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TECHNICAL  DATA 


MC54/74HC299 


Advance  Information 

8-Bit  Bidirectional  Universal 

Shift  Register  with  Parallel  I/O 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC299  is  identical  in  pinout  to  the  LS299.  The  device  inputs  are  com- 
patible with  standard  CMOS  outputs;  with  pullup  resistors,  they  are  compatible  with 
LSTTL  outputs. 

The  HC299  features  a  multiplexed  parallel  input/output  data  port  to  achieve  full 
8-bit  handling  in  a  20  pin  package.  Due  to  the  large  output  drive  capability  and  the 
3-state  feature,  this  device  is  ideally  suited  for  interface  with  bus  lines  in  a  bus-ori- 
ented system. 

Two  Mode-Select  inputs  and  two  Output  Enable  inputs  are  used  to  choose  the 
mode  of  operation  as  listed  in  the  Function  Table.  Synchronous  parallel  loading  is 
accomplished  by  taking  both  Mode-Select  lines,  Si  and  S2,  high.  This  places  the 
outputs  in  the  high-impedance  state,  which  permits  data  applied  to  the  data  port  to 
be  clocked  into  the  register.  Reading  out  of  the  register  can  be  accomplished  when 
the  outputs  are  enabled.  The  active-low  asynchronous  Reset  overrides  all  other 
inputs. 

•  Output  Drive  Capability:  15  LSTTL  Loads  for  Qa  through  0+| 

10  LSTTL  Loads  for  Qa'  and  Qh' 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1  fiA 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  398  FETs  or  99.5  Equivalent  Gates 


LOGIC  DIAGRAM 


SERIAL 
DATA  ■ 
INPUTS 


SA  ISHIFT  RIGHT) 
SH  (SHIFT  LEFT) 

CLOCK 


RESET 
MODE   f  S, 
SELECT  1  S2 

OUTPUT  (  0E1 
ENABLES  1  0E2 


3  STATE 

PARALLEL  OATA  PORT 
(INPUTS/OUTPUTS) 


J  SUFFIX 
CERAMIC 
CASE  732 


N  SUFFIX 
PLASTIC 
CASE  738 


DW  SUFFIX 

SOIC 
CASE  751 D 


ORDERING  INFORMATION 

MC74HCXXXN  Plastic 
MC54HCXXXJ  Ceramic 
MC74HCXXXDW  SOIC 

Ta=  -55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 


PIN  ASSIGNMENT 


This  document  contains  information  on  a  new  product.  Specifications  and  information  herein  are  subject  to  change  without  notice. 
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MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

DC  Supply  Voltage  (Referenced  to  GND) 

-0.5  to  +7.0 

V 

v  in 

DC  Input  Voltage  (Referenced  to  GNDI 

-  1.5  to  Vcc+  1-5 

V 

Vout 

DC  Output  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc +  0.5 

V 

lin 

DC  Input  Current,  per  Pin 

±20 

mA 

'out 

DC  Output  Current,  per  Pin 

±35 

mA 

'CC 

DC  Supply  Current,  Vcc  and  GND  pins 

±75 

mA 

PD 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tstg 

Storage  Temperature 

-65  to  +150 

°C 

Tl 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°C 

*Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
TDerating  -  Plastic  DIP:  -10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltages  higher  than  the  maximum 
rated  voltages  to  this  high- 
impedance  circuit.  For  proper 
operation,  Vjn  and  Vout  should  be 
constrained  to  the  range  GND  <  (Vjn 
or  Vout)<VCC. 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  level  (e.g., 
either  GND  or  Vcc)  ■  Unused  outputs 
must  be  left  open.  I/O  pins  must  be 
connected  to  a  properly  terminated 
line  or  bus.  See  Chapter  4  subject 
listing  on  page  4-2. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

vcc 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

tr.  tf 

Input  Rise  and  Fall  Time  Vcc=2.0V 
(Figure  1)  Vcc=4.5V 

VCc  =  6.0  v 

0 
0 
0 

1000 
500 
400 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 


vCc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

Test  Conditions 

25"C  to 
-55°C 

<85°C 

<12S°C 

Unit 

V|H 

Minimum  Hrgh-Level  Input 
Voltage 

Vout  =  0.1  VorVcc-0.1  V 
l'outl^20  pA. 

2.0 

4.5 
6.0 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

V 

VlL 

Maximum  Low-Level  Input 
Voltage 

Vout  =  0.1  Vor  Vcc-0.1  V 
|lout|<20,<A 

2.0 
4.5 

6.0 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

V 

VOH 

Minimum  High-Level  Output 
Voltage 

Vin  =  V|H  or  V,L 
|loutls20^A 

2.0 
4.5 
6.0 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

V 

Vin  =  V|HorV|L  |lout|<6.0mA(P/Q) 
lout|  S7.8  mA  (P/QI 

4.5 
6.0 

3.98 
5.48 

3.84 
5.34 

3.70 
5.20 

Vin  =  V|H°rV|L      |l0utl  ^4.0  mA  IQ' I 
|lout|s5.2  mA  (Q'l 

4.5 
6.0 

3.98 
5.48 

3.84 
5.34 

3.70 
5.20 

vol 

Maximum  Low-Level  Output 
Voltage 

Vin=V|H  or  V|L 
Houtl^OfA 

2.0 
4.5 
6.0 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

V 

Vin  =  V|HorV|L  |lout|<6.0mA(P/Q) 
|I0U,|S7.8  mA(P/QI 

4.5 
6.0 

0.26 
0.26 

0.33 
0.33 

0.40 
0.40 

Vin=V|HorV,L  |lout|<4.0mA(Q') 
|lout|s5.2mA  (Q'l 

4.5 
6.0 

0.26 
0.26 

0.33 
0.33 

0.40 
0.40 

lin 

Maximum  Input  Leakage  Current 

Vin=Vccor  GND 

6.0 

±0.1 

±1.0 

±1.0 

(«A 

lOZ 

Maximum  Three-State  Leakage 
Current  (Qa  thru  Qh) 

Output  in  High-Impedance  State 
Vin  =  V|L  or  V|H 
Vout  =  VCC  or  GND 

6.0 

±0.5 

±5.0 

±10.0 

fA 

'cc 

Maximum  Quiescent  Supply 
Current  (per  Package) 

Vin  =  VccorGND 
Iou,  =  0mA 

6.0 

8 

80 

160 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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AC  ELECTRICAL  CHARACTERISTICS  <CL  =  SO  pF,  Input  tr  =  tf  =  6  ns) 


VCC 
V 

Guaranteed  Limit 

Symbol 

Pnram6t8r 

2S0C  to 

<85°C 

<12S°C 

Unit 

-56°C 

'max 

Maximum  Clock  Frequency  150%  Duty  Cycle) 

2.0 

5.0 

4.0 

3.4 

MHz 

(Figures  1  and  5) 

4.5 

25 

20 

17 

6.0 

29 

24 

20 

<PLH. 

Maximum  Propagation  Delay,  Clock  to  Qa'  or  Qh' 

2.0 

170 

215 

255 

ns 

'PHL 

(Figures  1  and  5) 

4.5 

34 

43 

51 

6.0 

29 

37 

43 

tPLH- 

Maximum  Propagation  Delay,  Clock  to  Qa  thru  Qh 

2.0 

160 

200 

240 

ns 

tPHL 

(Figures  1  and  5) 

4.5 

32 

40 

48 

6.0 

27 

34 

41 

tPHL 

Maximum  Propagation  Delay,  Reset  to  Qa'  or  Qh' 

2.0 

175 

220 

265 

ns 

(Figures  2  and  S) 

4.5 

35 

44 

53 

6.0 

30 

37 

45 

'PHL 

Maximum  Propagation  Delay,  Reset  to  Qa  thru  Qh 

2.0 

190 

240 

285 

ns 

(Figures  2  and  5) 

4.5 

38 

48 

57 

6.0 

32 

41 

48 

<PLZ. 

Maximum  Propagation  Delay,  0E1 ,  0E2,  S1 ,  or  S2  to  Qa  thru  Qh 

2.0 

150 

190 

225 

ns 

tPHZ 

(Figures  3  and  61 

4.5 

30 

38 

45 

6.0 

26 

33 

38 

fPZL. 

Maximum  Propagation  Delay,  0E1,  0E2,  S1,  or  S2  to  Qa  thru  Qh 

2.0 

150 

190 

225 

ns 

'PZH 

(Figures  3  and  6) 

4.5 

30 

38 

45 

6.0 

26 

33 

38 

»TLH- 

Maximum  Output  Transition  Time,  Qa  thru  Qh 

2.0 

60 

75 

90 

ns 

tTHL 

(Figures  1  and  5) 

4.5 

12 

15 

18 

6.0 

10 

13 

15 

1TLH. 

Maximum  Output  Transition  Time,  Qa'  or  QH' 

2.0 

75 

95 

110 

ns 

>THL 

(Figures  1  and  5) 

4.5 

15 

19 

22 

6.0 

13 

16 

19 

Cin 

Maximum  Input  Capacitance 

10 

10 

10 

pF 

Cout 

Maximum  Three-State  Output  Capacitance  (Output  in  High-Impedance 

15 

15 

15 

pF 

State),  Qa  thru  Qh 

NOTES: 

1 .  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


CPD 

Power  Dissipation  Capacitance  (Per  Package),  Outputs  Enabled 

Typical  @  25°C.  Vcc  =  5.0  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 

PD  =  CPD  Vcc2f+lcc  VCC 

240 

pF 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 
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TIMING  REQUIREMENTS  (Input  tr  =  tf  =  6  ns) 


VCC 
V 

Guaranteed  Limit 

Symbol 

Parameter 

25°C  to 

<86"C 

<12S°C 

Unit 

-55°C 

tsu 

Minimum  Setup  Time,  Mode  Select  SI  or  S2  to  Clock 

2.0 

100 

125 

150 

ns 

(Figure  41 

4.5 

20 

25 

30 

6.0 

17 

21 

26 

tsu 

Minimum  Setup  Time,  Data  Inputs  Sa,  Sh,  Pa  thru  Ph  to  Clock 

2.0 

100 

125 

150 

ns 

(Figure  4} 

4.5 

20 

25 

30 

6.0 

17 

21 

26 

«R 

Minimum  Hold  Time,  Clock  to  Mode  Select  S1  or  S2 

2.0 

120 

150 

180 

ns 

(Figure  41 

4.5 

24 

30 

36 

6.0 

20 

26 

31 

•h 

Minimum  Hold  Time,  Clock  to  Data  Inputs,  Sa.  Sh,  Pa  thnJ  PH 

2.0 

5 

5 

5 

ns 

(Figure  4) 

4.5 

5 

5 

5 

6.0 

5 

6 

5 

tree 

Minimum  Recovery  Time,  Reset  Inactive  to  Clock 

2.0 

50 

65 

75 

ns 

(Figure  21 

4.5 

10 

13 

15 

6.0 

9 

11 

13 

tyv 

Minimum  Pulse  Width,  Clock 

2.0 

80 

100 

120 

ns 

(Figure  1) 

4.5 

16 

20 

24 

6.0 

14 

17 

20 

'» 

Minimum  Pulse  Width,  Reset 

2.0 

80 

100 

120 

ns 

(Figure  2) 

4.5 

16 

20 

24 

6.0 

14 

17 

20 

V.  tf 

Maximum  Input  Rise  and  Fall  Times 

2.0 

1000 

1000 

1000 

ns 

(Figure  11 

4.5 

500 

500 

500 

6.0 

400 

400 

400 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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FUNCTION  TABLE 


Inputs 

Response 

Mode 

Output 

Serial 

Mode 

Reset 

Select 

Enables 

Clock 

Inputs 

Pa/Qa  Pb/Qr  Pr/Qr  Pn/Qn  Pc/Qc   Pc/Qc  PrJQn  Ph/Qh 

Qa'Qh' 

S2 

Si 

OEIt 

OE2t 

da 

°H 

Reset 

L 

X 

L 

L 

L 

X 

X 

X 

L           L            L           L           L           L  L 

L 

L  L 

L 

L 

X 

L 

L 

X 

X 

X 

L           L            L           L           L           L  L 

L 

L  L 

L 

H 

H 

X 

X 

X 

X 

X 

Qa  through  Qh  =  Z 

L  L 

Shift 

H 

L 

H 

H 

X 

s~ 

D 

X 

Shift  Right:  Qa  through  Q,H  =  Z;  Da— Fa;  Fa—  Fn;  etc. 

D  QG 

Right 

H 

L 

H 

X 

H 

D 

X 

Shift  Right:  Qa  through  Qh  =  Z;  Da— Fa;  Fa—  Fn;  etc. 

D  QG 

H 

L 

H 

L 

L 

D 

X 

Shift  Right:  Da  — Fa  =  Qa:  fa—  Fn  =  Qn;  etc. 

D  QG 

Shift 

H 

H 

L 

H 

X 

X 

D 

Shift  Left:  Qa  through  Qh=Z;  Dh  —  Fh;  Fh  —  Fq;  etc. 

Qb  d 

Left 

H 

H 

L 

X 

H 

X 

0 

Shift  Left:  Qa  through  Qh=Z;  Dh  — Fh;  Fh  —  Fq;  etc. 

Qb  d 

H 

H 

L 

L 

L 

X 

D 

Shift  Left:  DH  —  FH  =  Qh;  Fh  —  Fq  =  QG;  etc. 

qb  d 

Parallel 

H 

H 

H 

X 

X 

X 

X 

Parallel  Load:  Pn  —  Fn 

Pa  Ph 

Load 

Hold 

H 

L 

L 

H 

X 

X 

X 

X 

Hold:  Q^  through  Qh  =  Z;  Fjsj  =  Fn 

pa  ph 

H 

L 

L 

X 

H 

X 

X 

X 

Hold:  Qa  through  Qh  =  Z;  Fn  =  Fn 

pa  ph 

H 

L 

L 

L 

L 

X 

X 

X 

Hold:  Qpj  =  QN 

pa  ph 

Z=high  impedance 
D  =  data  on  serial  input 
F=flip-flop  (see  Logic  Diagram) 

tWhen  one  or  both  output  controls  are  high  the  eight  input/output  terminals  are  disabled  to  the  high-impedance  state;  however,  sequential 
operation  or  clearing  of  the  register  is  not  affected. 


PIN  DESCRIPTIONS 


DATA  INPUTS 

Sa  (PIN  11)  —  Serial  data  input  (Shift  Right).  Data  on  this 
input  is  shifted  into  the  shift  register  on  the  rising  edge  of 
Clock  when  S2  is  low  and  S1  is  high  (shift  right  model. 

Sh  (PIN  18)  -  Serial  data  input  (Shift  Left).  Data  on  this 
input  is  shifted  into  the  shift  register  on  the  rising  edge  of 
Clock  when  S2  is  high  and  SI  is  low  (shift  left  mode). 

PA  through  PH  (PINS  7, 13.  6. 14,  5. 15.  4. 16)  -  Parallel 
data  port  inputs.  Data  on  these  pins  can  be  parallel  loaded 
into  the  shift  register  on  the  rising  edge  of  Clock  when  both 
S1  and  S2  are  high.  For  any  other  combination  of  S1  and  S2, 
these  pins  serve  as  the  outputs  of  the  shift  register. 

CONTROL  INPUTS 

CLOCK  (PIN  12)  —  Clock  input.  A  low-to-high  transition 
on  this  pin  shifts  the  data  at  each  stage  to  the  next  stage  (shift 
right  or  left  mode)  or  loads  the  data  at  the  parallel  data  inputs 
into  the  shift  register  (parallel  load  mode). 

OE1,  OE2  (PINS  2,  3)  —  Active-low  output  enables.  When 
both  OE1  and  OE2  are  low,  the  outputs  Qa  through  Qf-|  are 
enabled.  When  one  or  both  output  enables  are  high,  the  out- 
puts are  forced  to  the  high-impedance  state;  however,  se- 
quential operation  or  clearing  of  the  register  is  not  affected. 


RESET  (PIN  9)  —  Active-low  reset.  A  low  on  this  pin  resets 
all  stages  of  the  register  to  a  low  level.  The  reset  operation  is 
asynchronous. 

S1,  S2  (PINS  1,  19)  -  Mode  select  inputs.  The  levels 
present  at  these  pins  determine  the  shift  register's  mode  of 
operation: 

S1=S2=Low.  Hold. 

S1  =  Low,  S2  =  High.  Shift  left. 

S1  =  High,  S2  =  Low.  Shift  right. 

S1  =  S2  =  High.  Parallel  load. 


OUTPUTS 

QA'.  Qh'  (PINS  8,  17)  -  Serial  data  outputs.  These  are 
the  outputs  of  the  first  and  last  stages  of  the  shift  register, 
respectively.  These  outputs  are  not  3-state  outputs  and  have 
standard  drive  capabilities. 

QA  through  Qh  (PINS  7, 13.  6. 14,  5. 15.  4, 16)  -  Parallel 
data  port  outputs.  Shifted  data  is  present  at  these  pins  when 
OE1  and  OE2  are  low.  For  all  other  combinations  of  OE1  and 
OE2  these  outputs  are  in  the  high-impedance  state. 
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SWITCHING  WAVEFORMS 


CLOCK        /of  \ 
 #10* 


 1«ma<  

"'PLH  'PHL " 


«CC 
GND 


->TLH  'THL- 
Figure  1 


Qa-Oh     10%/  \  

— H    U— 'TLH  <THL — *"!  U~ 


CLOCK 


tw— *" 

50*  . 

RESET  ■ 
•PHL  — * 

t 

^50% 

O»'.0h'.  5 

Qa-Qh 

•rec— »> 

50%. 


VCC 
GND 


VCC 


Figure  2 


0E1 


OR  0E2  ^50* 


Qa-Qh" 


-tpZL  tpLZ- 


->PZH  IPHZ" 


VCC 

GND 
HIGH 

IMPEDANCE 


10% 


—  vol 


50% 


0%  — V0H 
HIGH 

IMPEDANCE 


Figure  3a 


S,  OR  S2 


S2  OR  S, 


Qa-o„ 


50% 


50% 


- IPZL         'PLZ  - 


■ <PZH  'PHZ  - 


■vCc 

-GND 

•vcc 

-GND 

HIGH 
'  IMPEDANCE 


io%— v0L 

90*  V0H 


HIGH 

IMPEDANCE 


Figure  3b 


MODE  SELECT  ~~ \  f5 
OR  DATA  /  \ 


CLOCK 


3C 


vcc 

GND 
VCC 
GND 


Figure  4 


TEST  P 

DEVICE 

OUTPUT 

UNDER 

TEST 

T 

*  Includes  all  probe  and  jig  capacitance. 
Figure  5.  Test  Circuit 


TEST  POINT 


(CONNECT  TO  Vcc  WHEN 
TESTING  IPLZ  AND  tpZL. 
CONNECT  TO  GND  WHEN 
TESTING  lPHZ  AND  tPZH. 


♦includes  all  probe  and  jig  capacitance. 
Figure  6.  Test  Circuit 
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EXPANDED  LOGIC  DIAGRAM 


CLOCK 


!L-H>  O 

H>  


RESET 


CkC!  i 
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8-lnput  Data  Selector/Multiplexer 
with  Data  and  Address 
Latches  and  3-State  Outputs 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC354  is  identical  in  pinout  to  the  LS354.  The  device  inputs  are 
compatible  with  standard  CMOS  outputs;  with  pullup  resistors,  they  are  compatible 
with  LSTTL  outputs. 

The  HC354  selects  one  of  eight  latched  binary  Data  Inputs,  as  determined  by  the 
Address  Inputs.  The  information  at  the  Data  Inputs  is  stored  in  the  transparent  8-bit 
Data  Latch  when  the  Data-Latch  Enable  pin  is  held  high.  The  Address  information 
may  be  stored  in  the  transparent  Address  Latch,  which  is  enabled  by  the  active-high 
Address-Latch  Enable  pin. 

The  device  outputs  are  placed  in  high-impedance  states  when  Output  Enable  1  is 
high.  Output  Enable  2  is  high,  or  Output  Enable  3  is  low. 

The  HC354  is  similar  in  function  to  the  HC356,  which  has  a  clocked  Data  Latch 
that  is  not  transparent. 

•  Output  Drive  Capability:  15  LSTTL  Loads 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1  j<A 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  326  FETs  or  81 .5  Equivalent  Gates 


BLOCK  DIAGRAM 


MC54/74HC354 


J  SUFFIX 
CERAMIC 
CASE  732 


N  SUFFIX 
PLASTIC 
CASE  738 


DW  SUFFIX 

SOIC 
CASE  751D 


ORDERING  INFORMATION 

MC74HCXXXN  Plastic 
MC54HCXXXJ  Ceramic 
MC74HCXXXDW  SOIC 

TA  =  -  55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 
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LATCH 
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fAO-^- 
ADDRESS  J  13 
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ADDRESS 
LATCH 
(TRANS- 
PARENT) 


AODRESSLATCH 
ENABLE " 


OUTPUT 


{0E1 — — 
0E2-^ 
0E3^1 


19  .  1  3-STATE 
 Y  J  OUTPUTS 


PIN  ASSIGNMENT 

07  [ 

1  • 

20 

Ivcc 

D6[ 

2 

19 

]v 

05  [ 

3 

18 

]Y 

D4[ 

4 

17 

Iks 

D3[ 

6 

16 

]0E2 

02  [ 

6 

15 

]0E1 

□i  c 

7 

14 

]A0 

DO  I 

8 

13 

]A1 

DATA-LATCH  r 
ENABLE1- 

9 

12 

]A2 

GN0[ 

10 

11 

i  ADDRESS-LATCH 
J  ENABLE 

PIN  20  =  VCC 
PIN  10  =  GND 
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MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GNDI 

-0.5  to  +7.0 

V 

Vin 

DC  Input  Voltage  (Referenced  to  GNDI 

-  1.5  to  Vcc  +  1-5 

V 

Vout 

DC  Output  Voltage  (Referenced  to  GNDI 

-0.5  to  Vcc+0.5 

V 

'in 

DC  Input  Current,  per  Pin 

±20 

mA 

'out 

DC  Output  Current,  per  Pin 

±35 

mA 

ice 

DC  Supply  Current,  Vcc  and  GND  Pins 

±75 

mA 

PD 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tstq 

Storage  Temperature 

-65  to  +150 

°C 

TL 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°C 

*  Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
tDerating  -  Plastic  DIP:  -  10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjn  and 
Vout  should  be  constrained  to  the 
range  GND  <  (Vjn  or  Voul)  <;  Vqc- 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  Vcc'-  Unused 
outputs  must  be  left  open. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

vcc 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

<r.  tf 

Input  Rise  and  Fall  Time                          Vcc  =2.0  V 
(Figure  1)  VCc=4.5V 

VCC  =  6.0  V 

0 

0 
0 

1000 
500 
400 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 


vcc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

Test  Conditions 

25°C  to 
-55°C 

S85°C 

<125°C 

Unit 

V|H 

Minimum  High-Level  Input 
Voltage 

Vout  =  0.1  VorVcc-0.1  V 
|lOut|s20,iA 

2.0 
4.5 
6.0 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

V 

V|L 

Maximum  Low-Level  Input 
Voltage 

Vout  =  0.1  VorVCC-0.1  V 
|lout|<20)lA 

2.0 
4.5 
6.0 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

V 

VOH 

Minimum  High-Level  Output 
Voltage 

Vin  =  V|H  orV|L 
|loutls20^A 

2.0 
4.5 
6.0 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

V 

Vin  =  V|HorV|L  Ho^se.OmA 
|lout|<7.8  mA 

4.5 

6.0 

3.98 
5.48 

3.84 
5.34 

3.70 
5.20 

vol 

Maximum  Low-Level  Output 
Voltage 

Vin  =  V|H  or  V|L 
I  Wl*  20  fA 

2.0 
4.5 
6.0 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

V 

Vin  =  V|HorV|L            Moutl  =s6.0  mA 
|lout|s7.8  mA 

4.5 

6.0 

0.26 
0.26 

0.33 
0.33 

0.40 
0.40 

Hn 

Maximum  Input  Leakage  Current 

Vin  =  VCc  or  GND 

6.0 

±0.1 

±1.0 

±1.0 

«A 

!OZ 

Maximum  Three-State  Leakage 
Current 

Output  in  High-Impedance  State 
Vin  =  V|L  or  V,H 
Vout  =  VcC  or  GND 

6.0 

±0.5 

±5.0 

±10.0 

,iA 

ice 

Maximum  Quiescent  Supply 
Current  (per  Package) 

Vin  =  VccorGND 
lout  =  0/<A 

6.0 

8 

80 

160 

1* 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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AC  ELECTRICAL  CHARACTERISTICS  (CL  =  50  pF,  Input  tr  =  t(  =  6  ns) 


Vcc 
V 

Guaranteed  Limit 

Symbol 

Parameter 

25°C  to 
-55°C 

<8S°C 

<125°C 

Unit 

'PLH. 

Maximum  Propagation  Delay,  D0-D7  to  Y  or  Y 

2.0 

210 

265 

315 

ns 

'PHL 

(Figures  2  and  61 

4.5 

42 

53 

63 

6.0 

36 

45 

54 

'PLH. 

Maximum  Propagation  Delay,  Data-Latch  Enable  to  Y  or  Y 

2.0 

260 

325 

390 

ns 

'PHL 

(Figures  3  and  6) 

4.5 

52 

65 

78 

6.0 

44 

55 

66 

'PLH- 

Maximum  Propagation  Delay,  A0-A2  to  Y  or  Y 

2.0 

270 

340 

405 

ns 

'PHL 

(Figures  2  and  61 

4.5 

54 

68 

81 

6.0 

46 

58 

69 

'PLH. 

Maximum  Propagation  Delay,  Address-Latch  Enable  to  Y  or  Y 

2.0 

270 

340 

405 

ns 

'PHL 

(Figures  3  and  6) 

4.5 

54 

68 

81 

6.0 

46 

58 

69 

tpLZ. 

Maximum  Propagation  Delay,  0E1-0E3  to  Y  or  Y 

2.0 

160 

200 

240 

ns 

'PHZ 

(Figures  4  and  7) 

4.5 

32 

40 

48 

6.0 

27 

34 

41 

'PZL- 

Maximum  Propagation  Delay,  0E1-0E3  to  Y  or  Y 

2.0 

125 

155 

190 

ns 

'PZH 

(Figures  4  and  71 

4.5 

25 

31 

38 

6.0 

21 

26 

32 

Tlh. 

Maximum  Output  Transition  Time,  Any  Output 

2.0 

60 

75 

90 

ns 

•thl 

(Figures  1  and  61 

4.5 

12 

15 

18 

6.0 

10 

13 

15 

Cin 

Maximum  Input  Capacitance 

10 

10 

10 

pF 

cout 

Maximum  Three-State  Output  Capacitance  (Output  in  High-Impedance 

15 

15 

15 

pF 

State) 

NOTES: 

1.  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


CPD 

Power  Dissipation  Capacitance  (Per  Package) 

Typical  @ 

25°C,  VCC  =  5.0  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 
PD  =  CPD  Vcc2f+ICC  VCC 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

48 

pF 

PIN  DESCRIPTIONS 


D0-D7  (PINS  8-1)  DATA  INPUTS 

These  eight  data  bits  are  stored  in  a  transparent  latch 
when  the  Data-Latch  Enable  pin  is  active  (high).  Once  en- 
abled, changing  inputs  will  not  change  the  contents  of  the 
latch. 

AO,  A1,  A2  (Pins  14,  13,  12)  ADDRESS  INPUTS 

Selects  which  data  bit  stored  in  the  Data  Latch  is  routed  to 
the  outputs  Y  and  Y. 

DATA-LATCH  ENABLE  (Pin  9) 

The  latch  is  transparent  to  D0-D7  when  enable  is  inactive 
(low).  The  Data-Latch  contents  are  unaffected  when  enable 
is  held  active  (high). 


ADDRESS-LATCH  ENABLE  (Pin  11) 

The  latch  is  transparent  to  AO,  A1 ,  and  A2  when  enable  is 
inactive.(low).  The  Address-Latch  contents  are  unaffected 
when  enable  is  held  active  (high). 

OE1,  OE2,  OE3  (Pins  15,  16,  17)  OUTPUT  ENABLES 

Any  of  the  output  enable  pins  inactive  (OE1  =  High  or 
OE2=  High  or  OE3=  Low)  causes  the  outputs  (Y  and  Y)  to 
be  in  high-impedance  states. 

Y,  Y  (Pins  19,  18) 

These  3-state  outputs  (when  not  3-stated)  represent  the 
data  bit  in  the  Data  Latch  selected  by  the  Address  Latch. 
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TIMING  REQUIREMENTS  (Input  tr  =  tf  =  6  ns) 


vCc 

Guaranteed  Limit 

Pa  r  a  m  ©t  ©  r 

25°  C  to 

Unit 

V 

<85°C 

<  125°C 

-56°C 

tsu 

Minimum  Setup  Time,  D0-D7  to  Data-Latch  Enable 

2.0 

50 

65 

75 

ns 

(Figure  5) 

4.5 

10 

13 

15 

6.0 

9 

11 

13 

'su 

Minimum  Setup  Time,  A0-A2  to  Address- Latch  Enable 

2.0 

50 

65 

75 

ns 

(Figure  5) 

4.5 

10 

13 

15 

6.0 

9 

11 

13 

<h 

Minimum  Hold  Time,  Data-Latch  Enable  to  D0-D7 

2.0 

5 

5 

5 

ns 

(Figure  5) 

4.5 

5 

5 

5 

6.0 

5 

5 

5 

th 

Minimum  Hold  Time,  Address-Latch  Enable  to  A0-A2 

2.0 

5 

5 

5 

ns 

(Figure  5} 

4.5 

5 

5 

5 

6.0 

5 

5 

5 

Minimum  Pulse  Width,  Data-Latch  Enable 

2.0 

80 

100 

120 

ns 

(Figure  3) 

4.5 

16 

20 

24 

6.0 

14 

17 

20 

tw 

Minimum  Pulse  Width,  Address-Latch  Enable 

2.0 

80 

100 

120 

ns 

(Figure  31 

4.5 

16 

20 

24 

6.0 

14 

17 

20 

tr.  'f 

Maximum  Input  Rise  and  Fail  Times 

2.0 

1000 

1000 

1000 

ns 

(Figure  1) 

4.5 

500 

500 

500 

6.0 

400 

400 

400 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 


FUNCTION  TABLE 


Address  Latch 
Contents  I 


A2  A1 


AO 


Inputs 


Data- 
Latch 
Enable 


Output 
0E1     OE2  OE3 


Outputs 


Description 


XXX 
XXX 
XXX 


H  X  X 
X  H  X 
XXL 


Outputs  in 
high-impedance 
states 


DO 
D1 
D2 
D3 
D4 
D5 
D6 
D7 


DO 
D1 
D2 
D3 
D4 
D5 
D6 
D; 


Data  Latch 
is  transparent 


D0n 
Din 


D0n 
Din 


D2n  D2n 
D3n  D3n 


D4n 

D5„ 
D6„ 
D7n 


95 

Mr, 
D6n 
D7n 


New  data  is 
stored  in 
Data  Latch 
and  is  not 
alterable 


t  Represents  bits  in  the  Address  Latch.  See  Address-Latch  Enable  pin  description. 
X=  don't  care 
Z=high  impedance 

D0-D7  -  the  data  at  inputs  DO  through  D7 

D0n-D7n  =  the  data  present  at  inputs  DO  through  D7  when  the  Data-Latch 
Enable  pin  was  taken  high. 
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TEST  POINT 


Figure  5  Figure  6.  Test  Circuit 


TEST  POINT 

1  Ml 


DEVICE 

OUTPUT  ^A 

UNDER 

TEST 

T 

CONNECT  TO  VCC  WHEN 
TESTING  tpU  AND  tP2l. 
CONNECT  TO  GND  WHEN 
,  TESTING  Iphz  AND  1PZH. 


"Includes  all  probe  and  jig  capacitance. 
Figure  7.  Test  Circuit 
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8-lnput  Data  Selector/Multiplexer 
with  Data  and  Address 
Latches  and  3-State  Outputs 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC356  is  identical  in  pinout  to  the  LS356.  The  device  inputs  are 
compatible  with  standard  CMOS  outputs;  with  pullup  resistors,  they  are  compatible 
with  LSTTU  outputs. 

The  HC356  selects  one  of  eight  latched  binary  Data  Inputs,  as  determined  by  the 
Address  Inputs.  The  information  at  the  Data  Inputs  is  latched  into  the  Data  Latch 
with  the  rising  edge  of  the  Data-Latch  Clock.  The  Address  information  may  be 
stored  in  the  transparent  Address  Latch,  which  is  enabled  by  the  active-high 
Address-Latch  Enable  pin. 

The  device  outputs  are  placed  in  high-impedance  states  when  Output  Enable  1  is 
high.  Output  Enable  2  is  high,  or  Output  Enable  3  is  low. 

The  HC356  is  similar  in  function  to  the  HC354,  which  has  a  transparent  Data 
Latch. 

•  Output  Drive  Capability:  15  LSTTL  Loads 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1  pA 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  342  FETs  or  85.5  Equivalent  Gates 


BLOCK  DIAGRAM 


MC54/74HC356 


J  SUFFIX 
CERAMIC 
CASE  732 


N  SUFFIX 
PLASTIC 
CASE  738 


DW  SUFFIX 

SOIC 
CASE  7S1D 


ORDERING  INFORMATION 

MC74HCXXXN  Plastic 
MC54HCXXXJ  Ceramic 
MC74HCXXXDW  SOIC 

Ta=  -55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 
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MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GNDI 

-0.5  to  +7.0 

V 

Vin 

DC  Input  Voltage  (Referenced  to  GND) 

-  1.5  to  Vcc+  1.5 

V 

Vout 

DC  Output  Voltage  (Referenced  to  GNDI 

-0.5  to  Vcc +0.5 

V 

'in 

DC  Input  Current,  per  Pin 

±20 

mA 

'out 

DC  Output  Current,  per  Pin 

±35 

mA 

'cc 

DC  Supply  Current,  Vcc  and  GND  pins 

±75 

mA 

PD 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tstg 

Storage  Temperature 

-65  to  +150 

°C 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIPI 

260 
300 

°C 

*Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
tDerating  -  Plastic  DIP:  -  10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -  10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjn  and 
Vout  snou'd  De  constrained  to  the 
range  GND  <(Vjn  or  Vout)  <VCC. 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  Vrjc'-  Unused 
outputs  must  be  left  open. 


4-2. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GNDI 

2.0 

6.0 

V 

Vin,Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GNDI 

0 

vCc 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

tr.  'f 

Input  Rise  and  Fall  Time                          Vcc  =2.0  v 
(Figure  1)  VCC=4.5V 

VCC  =  6.0  V 

0 

0 
0 

1000 
500 
400 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GNDI 


VCC 
V 

Guaranteed  Limit 

Symbol 

Parameter 

Test  Conditions 

25°C  to 
-55°C 

<=85°C 

<125°C 

Unit 

V|H 

Minimum  High-Level  Input 
Voltage 

Vout  =  0.1  VorVcc-0.1  V 
I'outlsM/rA 

2.0 
4.5 
6.0 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

V 

V|L 

Maximum  Low-Level  Input 
Voltage 

Vout  =  0.1  Vor  Vcc-0.1  V 
|lout|<20^A 

2.0 
4.5 
6.0 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

V 

VOH 

Minimum  High-Level  Output 
Voltage 

Vin  =  V|H  orV|L 
l'outl£20^A 

2.0 
4.5 
6.0 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

V 

Vin  =  V|HorV|L  IWIse.OmA 
|lout|<7.8  mA 

4.5 

6.0 

3.98 
5.48 

3.84 
5.34 

3.70 
5.20 

Vol 

Maximum  Low-Level  Output 
Voltage 

Vin  =  V|H  or  V|L 
|lout|£20,»A 

2.0 
4.5 

0.1 
0.1 

0.1 
0.1 

0.1 
0.1 

V 

6.0 

0.1 

0.1 

0.1 

Vin  =  V|HorV|L  lloutlse.OmA 
IWIS7.8  mA 

4.5 
6.0 

0.26 
0.26 

0.33 
0.33 

0.40 
0.40 

'in 

Maximum  Input  Leakage  Current 

Vin  =  VcC<"-GND 

6.0 

±0.1 

±1.0 

±10 

'OZ 

Maximum  Three-State  Leakage 
Current 

Output  in  High-Impedance  State 
Vin  =  V|L  or  V,H 
Vout  =  Vcc  or  GND 

6.0 

±0.5 

±5.0 

±10.0 

ice 

Maximum  Quiescent  Supply 
Current  (per  Package) 

Vin  =  Vcc  °r  GND 
lout  =  n>»A 

6.0 

8 

80 

160 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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AC  ELECTRICAL  CHARACTERISTICS  ICL  =  50  pF,  Input  tr  =  tf  =  6  ns) 


VCC 
V 

Guaranteed  Limit 

Symbol 

Parameter 

25°C  to 

-ss°c 

<85°C 

<125°C 

Unit 

'PLH- 
'PHL 

Maximum  Propagation  Delay,  Data-Latch  Clock  to  Y  or  Y 
(Figures  1  and  7) 

2.0 
4.5 
6.0 

240 
48 
41 

300 
60 
51 

360 
72 
61 

ns 

'PLH. 
'PHL 

Maximum  Propagation  Delay,  A0-A2  to  Y  or  Y 
(Figures  2  and  7) 

2.0 
4.5 
6.0 

270 
54 
46 

340 
68 
58 

405 
81 
69 

ns 

'PLH. 
'PHL 

Maximum  Propagation  Delay,  Address-Latch  Enable  to  Y  or  Y 
(Figures  3  and  7) 

2.0 
4.5 
6.0 

270 
54 
46 

340 
68 
58 

405 
81 
69 

ns 

'PLZ. 
'PHZ 

Maximum  Propagation  Delay,  0E1-0E3  to  Y  or  Y 
(Figures  4  and  8} 

2.0 
4.5 
6.0 

160 

32 
27 

200 
40 
34 

240 
48 
41 

ns 

'PZL. 
«PZH 

Maximum  Propagation  Delay,  0E1-0E3  to  Y  or  Y 
(Figures  4  and  8) 

2.0 
4.5 
6.0 

125 
25 
21 

155 
31 
26 

190 
38 
32 

ns 

'TLH. 
THL 

Maximum  Output  Transition  Time,  Any  Output 
(Figures  1  and  71 

2.0 
4.5 
6.0 

60 
12 
10 

75 
15 
13 

90 
18 
15 

ns 

Cin 

Maximum  Input  Capacitance 

10 

10 

10 

pF 

cout 

Maximum  Three-State  Output  Capacitance  (Output  in  High-Impedance 
Statel 

15 

15 

15 

PF 

NOTES: 

1 .  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


CPD 

Power  Dissipation  Capacitance  (Per  Package! 

Typical  ( 

i  25»C,  VCC  =5.0  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 
Pq  =  CpD  Vcc2f  +  |CC  Vcc 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

48 

PF 

TIMING  REQUIREMENTS  (Input  tr  =  tf  =  6  ns) 

vcc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

25°Cto 
-55°C 

<85°C 

<125°C 

Unit 

*su 

Minimum  Setup  Time,  D0-D7  to  Data-Latch  Clock 

2.0 

50 

65 

75 

ns 

(Figure  5) 

4.5 

10 

13 

15 

6.0 

9 

11 

13 

'su 

Minimum  Setup  Time,  A0-A2  to  Address-Latch  Enable 

2.0 

50 

65 

75 

ns 

(Figure  6) 

4.5 

10 

13 

15 

6.0 

9 

11 

13 

'h 

Minimum  Hold  Time,  Data-Latch  Clock  to  D0-D7 

2.0 

5 

5 

5 

ns 

(Figure  5) 

4.5 

5 

5 

5 

6.0 

5 

5 

5 

«h 

Minimum  Hold  Time,  Address-Latch  Enable  to  A0-A2 

2.0 

5 

5 

5 

ns 

(Figure  6) 

4.5 

5 

5 

5 

6.0 

5 

5 

S 

'w 

Minimum  Pulse  Width,  Data-Latch  Clock 

2.0 

80 

100 

120 

ns 

(Figure  1) 

4.5 

16 

20 

24 

6.0 

14 

17 

20 

'w 

Minimum  Pulse  Width,  Address-Latch  Enable 

2.0 

80 

100 

120 

ns 

(Figure  3) 

4.5 

16 

20 

24 

6.0 

14 

17 

20 

'r.  <f 

Maximum  Input  Rise  and  Fall  Times 

2.0 

1000 

1000 

1000 

ns 

(Figure  11 

4.5 

500 

500 

500 

6.0 

400 

400 

400 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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FUNCTION  TABLE 


Inputs 

Outputs 

Address  Latch 

Contents 

Data- Latch 

Output  Enables 

A2 

A1 

AO 

Clock 

OE1 

OE2 

OE3 

Y 

Y 

Description 

X 

X 

X 

X 

H 

X 

X 

Z 

Z 

Outputs  in 

x 

x 

X 

X 

X 

H 

X 

Z 

Z 

high- impedance 

X 

x 

x 

X 

X 

X 

L 

z 

z 

states 

L 

L 

L 

L 

L 

H 

uun 

Tin 
uun 

New  data  is 

L 

L 

H 

m 
Uln 

Uln 

clocked  into 

L 

H 

L 

D2n 

D2n 

Data  Latch 

i 

u 

l-j 

D3n 

D3n 

H 

L 

L 

D4n 

D4m 
u-tn 

H 

L 

H 

D5n 

D5n 

H 

H 

L 

D6n 

D6n 

H 

H 

H 

< 

f 

\ 

r 

' 

1 

D7n 

D7n 

L 

L 

L 

H,  L, 

or  "V 

L 

L 

H 

D0p 

D0p 

Outputs  do 

L 

L 

H 

D1P 

D1p 

not  change 

L 

H 

L 

D2p 

D2p 

states. 

L 

H 

H 

D3p 

D3p 

Data  Latch 

H 

L 

L 

D4p 

D4p 

contents  are 

H 

L 

H 

D5p 

D5p 

not  alterable. 

H 

H 

L 

D6p 

D6p 

H 

H 

H 

1 

1 

1 

1 

1 

D7p 

07* 

*  Represents  bits  in  the  Address  Latch.  See  Address- Latch  Enable  pin  description. 
X=  don't  care 
Z=high  impedance 

D0n-D7n  =  the  data  present  at  inputs  DO  through  D7  when  the  Data-  Latch  Clock 

made  the  transition  from  low  to  high. 
D0p-D7p=the  data  previously  latched  into  the  Data  Latch  by  the  low-to-high 

transition  of  the  Data-Latch  Clock 


PIN  DESCRIPTIONS 


D0-D7  (PINS  8-1)  -  DATA  INPUTS 

The  information  at  the  data  inputs  is  latched  into  the  data 
latch  on  the  rising  edge  of  the  Data-Latch  Clock.  Changing 
the  data  inputs  will  not  change  the  contents  of  the  latch  ex- 
cept on  the  rising  edge  of  the  clock. 

AO,  A1,  A2  (PINS  14,  13,  121  -  ADDRESS  INPUTS 

Selects  which  data  bit  stored  in  the  data  latch  is  routed  to 
the  outputs  Y  and  7. 

DATA-LATCH  CLOCK  (PIN  9) 

The  rising  edge  of  the  Data-Latch  Clock  latches  the  data 
(DO-D7)  into  the  data  latch. 


ADDRESS-LATCH  ENABLE  (PIN  11) 

The  latch  is  transparent  to  inputs  AO,  A1,  and  A2  when 
Enable  is  inactive  (low).  The  latch  contents  are  unaffected 
when  the  Enable  is  held  active  (high) 

OE1,  OE2,  OE3  (PINS  15,  16,  17)  OUTPUT  ENABLES 

Any  of  the  output  enable  pins  being  inactive  (OE1^  high 
or  OE2  =  high  or  OE3=  low)  causes  the  outputs  Y  and  Y  to  be 
in  high-impedance  states. 

Y,  Y  (PINS  19,  18) 

These  3-state  outputs,  when  not  3-stated,  represent  the 
data  bit  in  the  data  latch  selected  by  the  address  latch. 
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SWITCHING  WAVEFORMS 


DATA-LATCH 
CLOCK 


i     >5o%  \ 


-<w  

— tPLH 


'PHL" 


«CC 
GND 


-'TIH  'THL- 
Figure  1 


90%   =r 

Y  OR  Y      50%/  V 

— H    K—  'TLH  tTHL— H  U- 


VALID  - 


A0-A2 
•PLH 
Y  OR  Y 


3c 


vcc 


50% 


-'PHI 


\ 


Figure  2 


ADDRESS-LATCH 
ENABLE 


Y  OR  Y 


"<PLH  <PHL- 


VCC 


50% 


Figure  3 


0E1,  0E2 


0E3- 


Y  OR  Y 


-tpZL  'PLZ- 


50% 


-'PZH  'PHZ- 


50% 


VCC 
GND 
HIGH 

IMPEDANCE 
10%  —  V0L 

90%   V0H 

HIGH 

IMPEDANCE 


Figure  4 


D0-D7 


DATA-LATCH 

CLOCK   


vcc 

GND 

Vcc 

GND 


ADDRESS-LATCH 


Figure  5 


"Includes  all  probe  and  jig  capacitance. 
Figure  7.  Test  Circuit 


Figure  6 


TEST  POINT 

DEVICE 
UNDER 
TEST 

OUTPUT 

DEVICE 
UNDER 
TEST 

I"" 

OUTPUT 


TEST  POINT 
1  k!> 


CONNECT  TO  VCC  WHEN 
TESTING  tpLz  AND  tpZL. 
CONNECT  TO  GNO  WHEN 
TESTING  tpHZ  AND  tpZH. 


"Includes  all  probe  and  jig  capacitance. 
Figure  8.  Test  Circuit 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL  DATA 


Hex  3-State  Noninverting  Buffer 
with  Common  Enables 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC365  is  identical  in  pinout  to  the  LS365.  The  device  inputs  are 
compatible  with  standard  CMOS  outputs;  with  pullup  resistors,  they  are  compatible 
with  LSTTL  outputs. 

This  device  is  a  high-speed  hex  buffer  with  3-state  outputs  and  two  common 
active-low  Output  Enables.  When  either  of  the  enables  is  high,  the  buffer  outputs 
are  placed  into  high-impedance  states.  The  HC365  has  noninverting  outputs. 

•  Output  Drive  Capability:  15  LSTTL  Loads 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  90  FETs  or  22.5  Equivalent  Gates 


LOGIC  DIAGRAM 


AO- 


A2- 


A5 


14 


OUTPUT  ENABLE  1  • 
OUTPUT  ENABLE  2  • 


PIN  16  =  VCC 
PIN  8  =  GND 


MC54/74HC365 


if 

J  SUFFIX 
CERAMIC 
CASE  620 

1 

N  SUFFIX 
PLASTIC 
CASE  648 

i 

D  SUFFIX 

SOIC 
CASE  751 

ORDERING  INFORMATION 

MC74HCXXXN 
MC54HCXXXJ 
MC74HCXXXD 

Plastic 

Ceramic 

SOIC 

TA  =  -  55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 

PIN  ASSIGNMENT 


Ivcc 

OUTPUT 
ENABLE  2 
DAS 


FUNCTION  TABLE 


Inputs 

Output 

Enable 
1 

Enable 
2 

A 

Y 

L 

L 

L 

L 

L 

L 

H 

H 

H 

X 

X 

Z 

X 

H 

X 

Z 

X  =  don't 
Z  =  high 
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MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

-0.5  to  +7.0 

V 

Vin 

DC  Input  Voltage  (Referenced  to  GND) 

- 1.5  to  Vcc  +  1-5 

V 

Vout 

DC  Output  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc  +  °-5 

V 

hn 

DC  Input  Current,  per  Pin 

±20 

mA 

lout 

DC  Output  Current,  per  Pin 

±35 

mA 

ice 

DC  Supply  Current,  Vcc  and  GND  Pins 

±75 

mA 

PD 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tstq 

Storage  Temperature 

-65  to  +150 

°C 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°C 

♦Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
tDerating  -  Plastic  DIP:  - 10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -  10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjn  and 
Vout  should  be  constrained  to  the 
range  GNDs(Vin  or  V0Ut)<Vcc- 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  Vcc)-  Unused 
outputs  must  be  left  open. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

vcc 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

tr.  tf 

Input  Rise  and  Fall  Time                          VCc  =  2.0  V 
(Figure  11  VCC=4.5V 

VCC  =  6.0  V 

0 
0 
0 

1000 
500 
400 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 


VCC 
V 

Guaranteed  Limit 

Symbol 

Parameter 

Test  Conditions 

25"C  to 
-85*C 

-  86°C 

Unit 

V|H 

Minimum  High-Level  Input 
Voltage 

Vout  =  VCC-0.1  V 

2.0 
4.5 
6.0 

1.5 
3.1S 
4.2 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

V 

V|L 

Maximum  Low-Level  Input 
Voltage 

Vout  =  0.1  V 
|loutl^20^A 

2.0 
4.5 
6.0 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

V 

V0H 

Minimum  High-Level  Output 
Voltage 

Vin=V|H 
|lou»|s»#A 

2.0 
4.5 
6.0 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

V 

Vin  =  V,H  Houtlse.OmA 
|lout|s7.8  mA 

4.5 
6.0 

3.98 
5.48 

3.84 
5.34 

3.70 
5.20 

vol 

Maximum  Low-Level  Output 
Voltage 

Vin  =  V|L 
|loutl^20,^ 

2.0 
4.5 
6.0 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

V 

Vin-V|L  lloutlse.OmA 
|lout|<7.8  mA 

4.5 

6.0 

0.26 
0.26 

0.33 
0.33 

0.40 
0.40 

Ifn 

Maximum  Input  Leakage  Current 

Vin  =  VCC  O'  GND 

6.0 

±0.1 

±1.0 

±1.0 

(•A 

ioz 

Maximum  Three-State  Leakage 
Current 

Output  in  High-Impedance  State 
Vin  =  V|L  or  V|H 
Vout  =  VcC°rGND 

6.0 

±0.5 

±5.0 

±10.0 

*A 

ice 

Maximum  Quiescent  Supply 
Current  (per  Package) 

Vin  =  VCC  °<  GND 
lout=0^ 

6.0 

8 

80 



160 

fA 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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AC  ELECTRICAL  CHARACTERISTICS  [CL  =  50  pF,  Input  tr  =  tf  =  6  ns) 


vCc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

25°C  to 
-55°C 

s85"C 

<125°C 

Unit 

tPLH. 
'PHL 

Maximum  Propagation  Delay,  Input  A  to  Output  Y 
(Figures  1  and  31 

2.0 
4.5 
6.0 

120 
24 
20 

150 
30 
26 

180 
36 
31 

ns 

tpLZ. 
'PHZ 

Maximum  Propagation  Delay,  Output  Enable  to  Output  Y 
(Figures  2  and  4) 

2.0 
4.5 
6.0 

220 
44 
37 

275 
55 
47 

330 
66 
56 

ns 

tPZL. 
tPZH 

Maximum  Propagation  Delay,  Output  Enable  to  Output  Y 
(Figures  2  and  4) 

2.0 
4.5 
6.0 

220 
44 
37 

275 
55 
47 

330 
66 
56 

ns 

tTLH. 
tTHL 

Maximum  Output  Transition  Time,  Any  Output 
(Figures  1  and  31 

2.0 
4.5 
6.0 

60 
12 
10 

75 
15 
13 

90 
18 
15 

ns 

Cin 

Maximum  Input  Capacitance 

10 

10 

10 

pF 

cout 

Maximum  Three-State  Output  Capacitance  (Output  in  High-Impedance 
State) 

15 

15 

15 

pF 

NOTES: 

1.  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


CPD 

Power  Dissipation  Capacitance  (Per  Buffer! 

Typical  @  25"C.  Vcc  =  5.0  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 

Pd  =  Cpd  Vcc^  +  'CCVCC 

40 

pF 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

SWITCHING  WAVEFORMS 


♦includes  all  probe  and  jig  capacitance.  *lncludes  all  probe  and  jig  capacitance. 

Figure  3.  Test  Circuit  Figure  4.  Test  Circuit 


I 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL  DATA 


Hex  3-State  Inverting  Buffer 
with  Common  Enables 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC366  is  identical  in  pinout  to  the  LS366.  The  device  inputs  are 
compatible  with  standard  CMOS  outputs;  with  pullup  resistors,  they  are  compatible 
with  LSTTL  outputs. 

This  device  is  a  high-speed  hex  buffer  with  3-state  outputs  and  two  common 
active-low  Output  Enables.  When  either  of  the  enables  is  high,  the  buffer  outputs 
are  placed  into  high-impedance  states.  The  HC366  has  inverting  outputs. 

•  Output  Drive  Capability:  15  LSTTL  Loads 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1  /iA 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  78  FETs  or  19.5  Equivalent  Gates 


MC54/74HC366 


LOGIC  DIAGRAM 


AO- 


A2- 


A3 


10 


A5- 


OUTPUT  ENABLE  1  - 
OUTPUT  ENABLE  2- 


-Y0 


5~ 
5- 


-Y4 


PIN  16  =  VCC 
PIN  8  =  GND 


J  SUFFIX 
CERAMIC 
CASE  620 


INI  SUFFIX 
PLASTIC 
CASE  648 


D  SUFFIX 

SOIC 
CASE  751 


ORDERING  INFORMATION 

MC74HCXXXN  Plastic 
MC54HCXXXJ  Ceramic 
MC74HCXXXD  SOIC 

T^=  -55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 


PIN  ASSIGNMENT 


[  1  • 


OUTPUT 
ENABLE  1 

AO  d  2 

Y0[  3 

A1[  4 

Yl[  5 

A2[  6 

Y2[  7 

GN0[  8 


10 


IB  pvcc 
OUTPUT 
ENABLE  2 
I  AS 

1*5 

12  ]A4 

11  ]Y4 


]A3 
]Y3 


FUNCTION  TABLE 


Inputs 

Output 

Enable 

Enable 

A 

Y 

1 

2 

L 

L 

L 

H 

L 

L 

H 

L 

H 

X 

X 

Z 

X 

H 

X 

Z 

X  =  don't  care 
Z=high  impedance 
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MC54/74HC366 


MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GNDI 

-0.5  to  +7.0 

V 

Vin 

DC  Input  Voltage  (Referenced  to  GNDI 

-  1.5  to  Vcc+  1-5 

V 

Vout 

DC  Output  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc +  0.5 

V 

'in 

DC  Input  Current,  per  Pin 

±20 

mA 

'out 

DC  Output  Current,  per  Pin 

±35 

mA 

ice 

DC  Supply  Current,  Vcc  ana  GND  Pins 

±75 

mA 

PD 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tstq 

Storage  Temperature 

-65  to  +150 

°C 

TL 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°C 

♦Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
tDerating  -  Plastic  DIP:  -  10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -  10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjn  and 
Vout  should  be  constrained  to  the 
range  GND<(Vin  or  V0Ut)<VCC. 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  Vcc)*  Unused 
outputs  must  be  left  open. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GNDI 

0 

vcc 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

tr.«f 

Input  Rise  and  Fall  Time                          Vcc  =  2.0  V 
IRgurel)                                              Vcc  =  4-5V 

VCC  =6.0  V 

0 
0 
0 

1000 
500 
400 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 


vcc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

Test  Conditions 

25°  C  to 

S86«C 

Unit 

-65°C 

V|H 

Minimum  High-Level  Input 

Vout  ^0.1  V 

2.0 

1.5 

1.5 

1.5 

V 

Voltage 

|lout|<20,«A 

4.5 

3.15 

3.15 

3.15 

6.0 

4.2 

4.2 

4.2 

V|L 

Maximum  Low-Level  Input 

Vout  =  VCC-0.1  V 

2.0 

0.3 

0.3 

0.3 

V 

Voltage 

|lo!it|s20«A 

4.5 

0.9 

0.9 

0.9 

6.0 

1.2 

1.2 

1.2 

V0H 

Minimum  High-Level  Output 

Vin  =  V|L 

2.0 

1.9 

1.9 

1.9 

V 

Voltage 

lloutl**),^ 

4.5 

4.4 

4.4 

4.4 

6.0 

5.9 

5.9 

5.9 

Vin  =  V|L  IWIse.OmA 

4.5 

3.98 

3.84 

3.70 

|lout|s7.8  mA 

6.0 

5.48 

5.34 

5.20 

vol 

Maximum  Low-Level  Output 

Vin  =  V|H 

2.0 

0.1 

0.1 

0.1 

V 

Voltage 

Houtl  ^20  eA 

4.5 

0.1 

0.1 

0.1 

6.0 

0.1 

0.1 

0.1 

Vin  =  V|H  llou.ls6.0mA 

4.5 

0.26 

0.33 

0.40 

|lout|s7.8  mA 

6.0 

0.26 

0.33 

0.40 

hn 

Maximum  Input  Leakage  Current 

Vin  =  VCC  or  GND 

6.0 

±0.1 

±1.0 

±1.0 

«A 

ioz 

Maximum  Three-State  Leakage 

Output  in  High-Impedance  State 

6.0 

±0.5 

±5.0 

±10.0 

CA 

Current 

Vin-V|L  or  V,H 

Vout  =  VcC  °<  GND 

ice 

Maximum  Quiescent  Supply 

Vin  =  VCC  or  GND 

6.0 

8 

80 

160 

^A 

Current  (per  Package) 

lout  =  0/iA 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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AC  ELECTRICAL  CHARACTERISTICS  ICL  =  50  pF,  Input  tr  =  tf  =  6  ns) 


VCC 
V 

Guaranteed  Limit 

Symbol 

Parameter 

25°C  to 

<85°C 

<125°C 

Unit 

-55°C 

tpLH- 

Maximum  Propagation  Delay,  Input  A  to  Output  Y 

2.0 

95 

120 

145 

ns 

tPHL 

\nyuics  I  diiu  O/ 

4.5 

19 

24 

29 

6.0 

16 

20 

25 

lPL2- 

Maximum  Propagation  Delay,  Output  Enable  to  Output  Y 

2.0 

220 

275 

330 

ns 

*PHZ 

(Figures  2  and  4} 

4.5 

44 

55 

66 

6.0 

37 

47 

56 

Maximum  Propagation  Delay,  Output  Enable  to  Output  Y 

2.0 

220 

275 

330 

ns 

<PZH 

(Figures  2  and  4) 

4.5 

44 

55 

66 

6.0 

37 

47 

56 

»TLH. 

Maximum  Output  Transition  Time,  Any  Output 

2.0 

60 

75 

90 

ns 

«THL 

(Figures  1  and  3) 

4.5 

12 

15 

18 

6.0 

10 

13 

15 

Cin 

Maximum  Input  Capacitance 

10 

10 

10 

PF 

cout 

Maximum  Three-State  Output  Capacitance  (Output  in  High-Impedance 

15 

15 

15 

pF 

State) 

NOTES: 

1 .  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


CPD 

Power  Dissipation  Capacitance  (Per  Bufferl 

Typical  @ 

25°C,  VCC  =  5  "  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 

pd=Cpd  vcc2* + ice  vec 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

40 

pF 

SWITCHING  WAVEFORMS 


-»l  h* —  «f  — »j  r*-«. 

90TV  jr 

INPUT  A   50%\  / 
10%  \  / 


•PLH 
90% 


OUTPUT Y 


vcc 

GND 


tPHL 


ITLH— H    H—  'THL — H  K— 


Figure  1 


OUTPUT  ENABLE 


OUTPUT  V 


OUTPUT  V 


■  'PZL  'PLZ- 


-<PZH  <PHZ- 


VCC 
GND 


50% 


Figure  2 


HIGH 

IMPEDANCE 


10%  _  vql 
90%  —  voh 


HIGH 

IMPEDANCE 


TEST  POINT 


^Includes  all  probe  and  jig  capacitance. 
Figure  3.  Test  Circuit 


i 

DEVICE 
UNDER 

OUTPUT 

TEST 

TEST  POINT 
1  kQ 


(CONNECT  TO  VCC  WHEN 
TESTING  tPU  AND  tpZL. 
CONNECT  TO  GND  WHEN 
TESTING  tpuz  AND  tPZ„. 


♦includes  all  probe  and  jig 

Figure  4.  Test  Circuit 
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MC54/74HC366 

LOGIC  DETAIL 


OUTPUT  ENABLE  1 
OUTPUT  ENABLE  2 


TO  OTHER 
FIVE  BUFFERS 


ONE  OF  6 
BUFFERS 

vcc 


3- 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL  DATA 


Hex  3-State  Noninverting  Buffer 
with  Separate  2-Bit  and  4-Bit 
Sections 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC367  is  identical  in  pinout  to  the  LS367.  The  device  inputs  are 
compatible  with  standard  CMOS  outputs,  with  pullup  resistors,  they  are  compatible 
with  LSTTL  outputs. 

This  device  is  arranged  into  2-bit  and  4-bit  sections,  each  having  its  own  active- 
low  Output  Enable.  When  either  of  the  enables  is  high,  the  affected  buffer  outputs 
are  placed  into  high-impedance  states.  The  HC367  has  noninverting  outputs. 

•  Output  Drive  Capability:  15  LSTTL  Loads 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1  /iA 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  92  FETs  or  23  Equivalent  Gates 


LOGIC  DIAGRAM 


A0- 


A3  - 


A5  - 


OUTPUT  ENABLE  1 
OUTPUT  ENABLE  2 


-Y0 


-Y2 
-Y3 


^5 


PIN  16  =  VCC 
PIN  8  =  GND 


MC54/74HC367 


J  SUFFIX 
CERAMIC 
CASE  620 


N  SUFFIX 
PLASTIC 
CASE  648 


D  SUFFIX 

SOIC 
CASE  751 


ORDERING  INFORMATION 


MC74HCXXXN 
MC54HCXXXJ 
MC74HCXXXD 


Plastic 

Ceramic 

SOIC 


T^=  -55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 
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PIN  ASSIGNMENT 


OUTPUT 
ENABLE  1 

A0[1  2 

Y0[  3 

Al  [  4 

Y1  [  5 

A2[  6 

Y2[  7 

GND  [  8 


[  1  • 


, OUTPUT 
J  ENABLE  2 
]A5 

]Y5 

]A4 

]Y4 

]A3 

]Y3 


FUNCTION  TABLE 

Inputs 

Output 

Enable  1, 

Enable  2 

A 

Y 

L 

L 

L 

L 

H 

H 

H 

X 

Z 

X  -  don't  care 

Z  =  high-impedance 
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MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

-0.5  to  +7.0 

V 

Vin 

DC  Input  Voltage  (Referenced  to  GND) 

-1.5  to  Vcc+  1-5 

V 

Vout 

DC  Output  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc  +  0-5 

V 

DC  Input  Current,  per  Pin 

±20 

mA 

'out 

DC  Output  Current,  per  Pin 

±35 

mA 

ice 

DC  Supply  Current,  Vcc  and  GND  Pins 

+  75 

mA 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tstq 

Storage  Temperature 

-65  to  +150 

'C 

tl 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°C 

♦Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
tDerating  -  Plastic  DIP:  -10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjn  and 
Vout  should  be  constrained  to  the 
range  GND <{Vjn  or  Vout)<VCC. 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  VqcI-  Unused 
outputs  must  be  left  open.  vv 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vec 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

vcc 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°C 

tr.  tf 

Input  Rise  and  Fall  Time                          Vcc  =  2.0V 
(Figure  1)                                              Vcc  =  4.5V 

VCC  =  6.0  V 

0 
0 
0 

1000 
500 
400 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 


vCc 

Guaranteed  Limit 

Symbol 

Parameter 

Test  Conditions 

25°C  to 

Unit 

V 

-55°C 

<8B°C 

<1250C 

V|H 

Minimum  High-Level  Input 

VOut=VCC-0.1  V 

2.0 

1.5 

1.5 

1.5 

V 

Voltage 

|lout|<20MA 

4.5 

3.15 

3.15 

3.15 

6.0 

4.2 

4.2 

4.2 

V|L 

Maximum  Low-Level  Input 

Vout  =  0.1V 

2.0 

0.3 

0.3 

0.3 

V 

Voltage 

Houtl^O^A 

4.5 

0.9 

0.9 

0.9 

6.0 

1.2 

1.2 

1.2 

VOH 

Minimum  High-Level  Output 

Vin  =  V|H 

2.0 

1.9 

1.9 

1.9 

V 

Voltage 

|lout|s20^A 

4.5 

4.4 

4.4 

4.4 

6.0 

5.9 

5.9 

5.9 

Vin  =  V|H  llou.ls6.0mA 

4.5 

3.98 

3.84 

3.70 

|lout|s7.8  mA 

6.0 

5.48 

5.34 

5.20 

vol 

Maximum  Low-Level  Output 

Vin  =  V|L 

2.0 

0.1 

0.1 

0.1 

V 

Voltage 

|lout|s20^A 

4.5 

0.1 

0.1 

0.1 

6.0 

0.1 

0.1 

0.1 

Vin  =  V|L  |iou,(<6.0mA 

4.5 

0.26 

0.33 

0.40 

|lout|s7.8  mA 

6.0 

0.26 

0.33 

0.40 

'in 

Maximum  Input  Leakage  Current 

Vin  =  Vcc  or  GND 

6.0 

±0.1 

±1.0 

±1.0 

ioz 

Maximum  Three-State  Leakage 

Output  in  High-Impedance  State 

6.0 

±0.5 

±5.0 

±10.0 

Current 

vin  =  vIL  or  V|H 

Vout  =  VcC  or  GND 

ice 

Maximum  Quiescent  Supply 

Vin  =  VeC  or  GND 

6.0 

8 

80 

160 

„A 

Current  (per  Package) 

lout  =  0|iA 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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AC  ELECTRICAL  CHARACTERISTICS  (CL  =  50  pF,  Input  tr  =  tf  =  6  nsl 


vcc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

25°C  to 

<85°C 

s125°C 

Unit 

-55°C 

tpLH- 

Maximum  Propagation  Delay,  Input  A  to  Output  Y 

2.0 

120 

150 

180 

ns 

tPHL 

(Figures  1  and  3) 

4.5 

24 

30 

36 

6.0 

20 

26 

31 

tPLZ- 

Maximum  Propagation  Delay,  Output  Enable  to  Output  Y 

2.0 

175 

220 

265 

ns 

tDU7 

(Figures  2  and  4) 

4.5 

35 

44 

53 

6.0 

30 

37 

45 

tp2L. 

Maximum  Propagation  Delay,  Output  Enable  to  Output  Y 

2.0 

190 

240 

285 

ns 

tPZH 

(Figures  2  and  4) 

4.5 

38 

48 

57 

6.0 

32 

41 

48 

'TLH. 

Maximum  Output  Transition  Time,  Any  Output 

2.0 

60 

75 

90 

ns 

tTHL 

(Figures  1  and  3) 

4.5 

12 

15 

18 

6.0 

10 

13 

15 

Cin 

Maximum  Input  Capacitance 

10 

10 

10 

pF 

Cout 

Maximum  Three-State  Output  Capacitance  (Output  in  High-Impedance 

15 

15 

15 

pF 

State) 

NOTES: 

1 .  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


CPD 

Power  Dissipation  Capacitance  (Per  Buffer) 

Typical  @  25°C,  Vcc  =  5.0  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 

Pd=Cpd  vcc2f+icc  Vcc 

40 

pF 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

SWITCHING  WAVEFORMS 


INPUT  A  jftf*  \ 


<PLH- 


OUTPUT  V 


—  vcc 




\  

«—  — H   U—  tTHL 


■>PHL 


Figure  1 


OUTPUT  ENABLE 


E  ^50% 


OUTPUT  Y 


OUTPUT  Y 


50% 


■  'PZL  tPL2- 


-<PZH  >PHZ" 


Figure  2 


vcc 

GND 


HIGH 

IMPEDANCE 


10%  _  v0L 

90%  —  V0H 


HIGH 

IMPEDANCE 


TEST  POINT 

DEVICE 
UNDER 
TEST 

OUTPUT 

r 

DEVICE 
UNDER 
TEST 

*lncludes  all  probe  and  jig  capacitance. 
Figure  3.  Test  Circuit 


TEST  POINT 


OUTPUT 


1  kfi 


=T=CL* 


CONNECT  TO  VCC  WHEN 
TESTING  tpLz  AND  tpZt. 
CONNECT  TO  GND  WHEN 
TESTING  tpHZ  AND  tPZH. 


^Includes  all  probe  and  jig  capacitance. 
Figure  4.  Test  Circuit 
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LOGIC  DETAIL 


OUTPUT  ENABLE  ■ 


TO  OTHER 
BUFFERS 


ONE  OF  I 
BUFFERS 

VCC 


3 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL  DATA 


Hex  3-State  Inverting  Buffer 
with  Separate  2-Bit  and  4-Bit 
Sections 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC368  is  identical  in  pinout  to  the  LS368.  The  device  inputs  are 
compatible  with  standard  CMOS  outputs,  with  pullup  resistors,  they  are  compatible 
with  LSTTL  outputs. 

This  device  is  arranged  into  2-bit  and  4-bit  sections,  each  having  its  own  active- 
low  Output  Enable.  When  either  of  the  enables  is  high,  the  affected  buffer  outputs 
are  placed  into  high-impedance  states.  The  HC368  has  inverting  outputs. 

•  Output  Drive  Capability:  15  LSTTL  Loads 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1  /iA 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  80  FETs  or  20  Equivalent  Gates 


MC54/74HC368 


J  SUFFIX 

CERAMIC 

CASE  620 

|            N  SUFFIX 

PLASTIC 

CASE  648 

i 

D  SUFFIX 

SOIC 

1  " 

CASE  751 

ORDERING  INFORMATION 

MC74HCXXXN  Plastic 

MC54HCXXXJ 

Ceramic 

MC74HCXXXD  SOIC 

TA=  -55°  to  125°C  for  all  packages. 

Dimensions  in  Chapter  7. 

LOGIC  DIAGRAM 


A0- 


A2- 


A3 


10 


OUTPUT  ENABLE  1 
OUTPUT  ENABLE  2 


5~ 


-Y3 


PIN  16  =  VCC 
PIN  8  =  GND 


PIN  ASSIGNMENT 

ff 


Ivcc 

OUTPUT 
ENABLE  2 
14  DAS 


FUNCTION  TABLE 


Inpu 

Output 

Enable  1, 

Enable  2 

A 

Y 

L 

L 

H 

L 

H 

L 

H 

X 

Z 

X  =  don't  care 

Z=  high-impedance 
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MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

-0.5  to  +7.0 

V 

Vin 

DC  Input  Voltage  (Referenced  to  GND) 

-1.5  to  Vcc +  1-5 

V 

V0ut 

DC  Output  Voltage  (Referenced  to  GND) 

-0.5  to  VCc +  0.5 

V 

'in 

DC  Input  Current,  per  Pin 

+  20' 

mA 

'out 

DC  Output  Current,  per  Pin 

±35 

mA 

'CC 

DC  Supply  Current,  Vcc  ar,d  GND  pins 

±75 

mA 

PD 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

TStq 

Storage  Temperature 

-65  to  +150 

°C 

TL 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°C 

*Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
TDerating  -  Plastic  DIP:  -10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjn  and 
V0ut  should  be  constrained  to  the 
range  GND  <  (Vjn  or  Vout)  <  VCC- 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
{e.g.,  either  GND  or  Vcc).  Unused 
outputs  must  be  left  open. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

VCC 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

tr.  tf 

Input  Rise  and  Fall  Time                          Vcc  =  2.0  V 
(Figure  1)  VCC=4.5V 

VCC  =  6.0  V 

0 
0 
0 

1000 
500 
400 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 


VCC 

Guaranteed  Limit 

Symbol 

Parameter 

Test  Conditions 

25°C  to 

=s86°C 

<125°C 

Unit 

V 

-5B»C 

V|H 

Minimum  High-Level  Input 

Vout  =  0-1  V 

2.0 

1.5 

1.5 

1.5 

V 

Voltage 

4.5 

3.15 

3.15 

3.15 

6.0 

4.2 

4.2 

4.2 

V|L 

Maximum  Low-Level  Input 

Vout = vcc  -o.iv 

2.0 

0.3 

0.3 

0.3 

V 

Voltage 

4.5 

0.9 

0.9 

0.9 

6.0 

1.2 

1.2 

1.2 

VOH 

Minimum  High-Level  Output 

vin=vIL 

2.0 

1.9 

1.9 

1.9 

V 

Voltage 

lloutlaM^A 

4.5 

4.4 

4.4 

4.4 

6.0 

5.9 

5.9 

5.9 

Vin  =  V|L  llou.l56.0mA 

4.5 

3.98 

3.84 

3.70 

Moutl  S7.8  mA 

6.0 

5.48 

5.34 

5.20 

vol 

Maximum  Low-Level  Output 

Vin  =  V|H 

2.0 

0.1 

0.1 

0.1 

V 

Voltage 

|lout|<20^A 

4.5 

0.1 

0.1 

0.1 

6.0 

0.1 

0.1 

0.1 

Vin  =  V|H  |lout|£6.0mA 

4.5 

0.26 

0.33 

0.40 

Moutl  ^7-8  mA 

6.0 

0.26 

0.33 

0.40 

hn 

Maximum  Input  Leakage  Current 

Vin  =  VCC  or  GND 

6.0 

±0.1 

±1.0 

±1.0 

1* 

ioz 

Maximum  Three-State  Leakage 

Output  in  High-Impedance  State 

6.0 

±0.5 

±5.0 

±10.0 

(•A 

Current 

Vin  =  V|LorV|H 

Vout  =  VcC  or  GND 

!cc 

Maximum  Quiescent  Supply 

Vin  =  Vcc  or  GND 

6.0 

8 

80 

160 

Current  (per  Package) 

lout  =  0/<A 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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AC  ELECTRICAL  CHARACTERISTICS  (CL  =  50  pF,  Input  tr  =  tf  =  6  ns) 


vCc 

Guaranteed  Limit 

Pa ra  m  ete  r 

25°C  to 

<85*C 

<  125°C 

Unit 

V 

-55°C 

<PLH. 

Maximum  Propagation  Delay,  Input  A  to  Output  Y 

2.0 

95 

120 

145 

ns 

IPHL 

(Figures  1  and  3) 

4.5 

19 

24 

29 

6.0 

16 

20 

25 

'PLZ- 

Maximum  Propagation  Delay,  Output  Enable  to  Output  Y 

2.0 

175 

220 

265 

ns 

tPHZ 

(Figures  2  and  4) 

4.5 

35 

44 

53 

6.0 

30 

37 

45 

lPZL. 

Maximum  Propagation  Delay,  Output  Enable  to  Output  Y 

2  0 

190 

240 

285 

'PZH 

(Figures  2  and  4) 

4.5 

38 

48 

57 

6.0 

32 

41 

48 

tTLH. 

Maximum  Output  Transition  Time,  Any  Output 

2.0 

60 

75 

90 

ns 

THL 

(Figures  1  and  3) 

4.5 

12 

15 

18 

6.0 

10 

13 

15 

Cin 

Maximum  Input  Capacitance 

10 

10 

10 

PF 

cout 

Maximum  Three-State  Output  Capacitance  (Output  in  High-Impedance 

15 

15 

15 

pF 

State) 

NOTES: 

1.  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


CPD 

Power  Dissipation  Capacitance  (Per  Buffer) 

Typical  @  25'C.  Vcc  =  5.0  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 

PD  =  CpD  Vcc2*  +  ICC  Vcc 

40 

pF 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

SWITCHING  WAVEFORMS 


IMPEDANCE 


Figure  1  Figure  2 


TEST  POINT 


DEVICE 
UNDER 
TEST 


DEVICE 
UNDER 
TEST 


TEST  POINT 


OUTPUT 


CONNECT  TO  VCC  WHEN 
TESTING  tPLZ  AND  tpZL. 
CONNECT  TO  GND  WHEN 
.  TESTING  tpHZ  AND  tPZH. 


*  Includes  all  probe  and  jig  capacitance. 
Figure  3.  Test  Circuit 


*  Includes  all  probe  and  jig  capacitance. 
Figure  4.  Test  Circuit 
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TO  OTHER 
BUFFERS 


3 


ONE  OF  6  I 
BUFFERS 

vcc 


OUTPUT  ENABLE 


5 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL  DATA 


Octal  3-State  Noninverting 
Transparent  Latch 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC373  is  identical  in  pinout  to  the  LS373.  The  device  inputs  are 
compatible  with  standard  CMOS  outputs;  with  pullup  resistors,  they  are  compatible 
with  LSTTL  outputs. 

These  latches  appear  transparent  to  data  (i.e.,  the  outputs  change  asynchron- 
ously) when  Latch  Enable  is  high.  When  Latch  Enable  goes  low,  data  meeting  the 
setup  and  hold  time  becomes  latched. 

The  Output  Enable  input  does  not  affect  the  state  of  the  latches,  but  when  Out- 
put Enable  is  high,  all  device  outputs  are  forced  to  the  high-impedance  state.  Thus, 
data  may  be  latched  even  when  the  outputs  are  not  enabled. 

The  HC373  is  identical  in  function  to  the  HC573,  which  has  the  input  pins  on  the 
opposite  side  of  the  package  from  the  output  pins.  This  device  is  similar  in  function 
to  the  HC533,  which  has  inverting  outputs. 

•  Output  Drive  Capability:  15  LSTTL  Loads 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  186  FETs  or  46.5  Equivalent  Gates 


MC54/74HC373 


J  SUFFIX 
CERAMIC 
CASE  732 


N  SUFFIX 
PLASTIC 
CASE  738 


DW  SUFFIX 

SOIC 
CASE  751 D 


ORDERING  INFORMATION 

MC74HCXXXN  Plastic 
MC54HCXXXJ  Ceramic 
MC74HCXXXDW  SOIC 

TA=  -55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 


LOGIC  DIAGRAM 


PIN  ASSIGNMENT 

OUTPUT  ENABLE  [ 

1  • 

20 

Ivcc 

00 1 

2 

19 

107 

D0[ 

3 

18 

IBJ 

D1[ 

4 

17 

Ids 

Oil 

5 

16 

foe 

Q2[ 

e 

15 

las 

D2[ 

7 

14 

]ds 

D3[ 

8 

13 

Id* 

Q3[ 

9 

12 

1 04 

gnd[ 

10 

11 

] LATCH  ENABLE 

LATCH  ENABLE 
OUTPUT  ENABLE 


FUNCTION  TABLE 


Inputs 

Output 

Output 

Latch 

D 

Q 

Enable 

Enable 

L 

H 

H 

H 

L 

H 

L 

L 

L 

L 

X 

no 

change 

H 

X 

X 

Z 

X  =  don't  care 
Z=high  impedance 
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MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

-0.5  to  +7.0 

V 

Vin 

DC  Input  Voltage  (Referenced  to  GND) 

-1.5  to  Vcc  +  1-5 

V 

Vout 

DC  Output  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc +  0-5 

V 

■in 

DC  Input  Current,  per  Pin 

+  20 

mA 

'out 

DC  Output  Current,  per  Pin 

+  35 

mA 

ice 

DC  Supply  Current,  Vcc  and  GND  pins 

±75 

mA 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tstq 

Storage  Temperature 

-65  to  +150 

°C 

tl 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°C 

*  Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
TDerating  -  Plastic  DIP:  -  10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjn  and 
Vout  should  be  constrained  to  the 
range  GND<(Vin  or  V0Ut)<VCc- 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  Vcc'-  Unused 
outputs  must  be  left  open. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

vcc 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

tr.  tf 

Input  Rise  and  Fall  Time                          Vcc  =  2.0  v 
(Figure  1)                                          Vcc  =  4-5V 

VCC  =  6.0  V 

0 

0 
0 

1000 
500 
400 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 


vcc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

Test  Conditions 

25°C  to 
-55°C 

s85°C 

<125°C 

Unit 

V|H 

Minimum  High-Level  Input 
Voltage 

Vout  =  0.1  VorVcc-0.1  V 
|lout|<20/1A 

2.0 
4.5 
6.0 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

V 

V|L 

Maximum  Low-Level  Input 
Voltage 

Vout  =  0.1  V  or  VCC -0.1  V 
|lout|:s20,.A 

2.0 
4.5 
6.0 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

V 

VOH 

Minimum  High-Level  Output 
Voltage 

Vin  =  V|H  orV,L 
|lout|s20/1A 

2.0 
4.5 
6.0 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

V 

Vin  =  V|HorV|L            11^,1  <6.0  mA 
|lout|s7.8  mA 

4.5 
6.0 

3.98 
5.48 

3.84 
5.34 

3.70 
5.20 

vol 

Maximum  Low-Level  Output 
Voltage 

Vin  =  V|H  or  V|L 
|lout|<20„A 

2.0 
4.5 
6.0 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

V 

Vin  =  V|HorV|L  ll^tlse.OmA 
|lout|<7.8  mA 

4.5 
6.0 

0.26 
0.26 

0.33 
0.33 

0.40 
0.40 

'in 

Maximum  Input  Leakage  Current 

Vin  =  VCCorGND 

6.0 

±0.1 

±1.0 

±1.0 

fA 

ioz 

Maximum  Three-State  Leakage 
Current 

Output  in  High-Impedance  State 
Vin  =  V|L  or  V|H 
Vout  =  Vcc  or  GND 

6.0 

±0.5 

±5.0 

±10.0 

(•A 

ice 

Maximum  Quiescent  Supply 
Current  (per  Package) 

Vin  =  VCC  or  GND 
l0ut  =  °fA 

6.0 

8 

80 

160 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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AC  ELECTRICAL  CHARACTERISTICS  [CL  =  50  pF,  Input  tr  =  tf  =  6  ns) 


VCC 
V 

Guaranteed  Limit 

Symbol 

Parameter 

2S°C  to 
-55°C 

<85°C 

<125°C 

Unit 

•PLH. 
tPHL 

Maximum  Propagation  Delay,  Input  D  to  Q 
(Figures  1  and  5) 

2.0 
4.5 
6.0 

150 
30 
26 

190 
38 
33 

225 
45 
38 

ns 

'PLH. 
'PHL 

Maximum  Propagation  Delay,  Latch  Enable  to  Q 
(Figures  2  and  5) 

2.0 
4.5 
6.0 

175 
35 
30 

220 
44 
37 

265 
53 
45 

ns 

'PLZ. 
<PHZ 

Maximum  Propagation  Delay,  Output  Enable  to  Q 
(Figures  3  and  6} 

2.0 
4.5 
6.0 

150 
30 
26 

190 
38 

33 

225 
45 
38 

ns 

'PZL. 
'PZH 

Maximum  Propagation  Delay,  Output  Enable  to  Q 
(Figures  3  and  61 

2.0 
4.5 
6.0 

150 
30 
26 

190 
38 
33 

225 
45 
38 

ns 

Tlh- 
Thl 

Maximum  Output  Transition  Time,  Any  Output 
(Figures  1  and  5) 

2.0 
4.5 
6.0 

60 
12 
10 

75 
15 
13 

90 
18 
15 

ns 

Cin 

Maximum  Input  Capacitance 

10 

10 

10 

PF 

Cout 

Maximum  Three-State  Output  Capacitance  (Output  in  High-Impedance 
Statel 



15 

15 



15 

pF 

NOTES: 

1.  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


CpD 

Power  Dissipation  Capacitance  (Per  Latch! 

Typical  @  25°  C,  VCC=5.0V 

Used  to  determine  the  no-load  dynamic  power  consumption: 

PD  =  CPD  VCc2f+lcC  VCC 

41 

pF 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

TIMING  REQUIREMENTS  (Input  tr  =  tf  =  6  ns) 


Vcc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

25"C  to 
-55°C 

<85°C 

<125°C 

Unit 

tsu 

Minimum  Setup  Time,  Input  D  to  Latch  Enable 
(Figure  4} 

2.0 
4.5 
6.0 

25 
5 
5 

30 
6 
6 

40 
8 
7 

ns 

'h 

Minimum  Hold  Time,  Latch  Enable  to  Input  D 
(Figure  4) 

2.0 
4.5 
6.0 

50 
10 
9 

65 
13 
11 

75 
15 
13 

ns 

'w 

Minimum  Pulse  Width,  Latch  Enable 
(Figure  2) 

2.0 
4.5 
6.0 

80 
16 
14 

100 
20 
17 

120 
24 
20 

ns 

'r.  'f 

Maximum  Input  Rise  and  Fall  Times 
(Figure  11 

2.0 
4.5 
6.0 

1000 
500 
400 

1000 
500 
400 

1000 
500 
400 

ns 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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SWITCHING  WAVEFORMS 


INPUT  0 


<PLH  " 


90% 
60% 
10% 


  GND 


90%  ,=  =r 

— \  

ITLH^I    U—  — H  P* —  >THL 


■'PHL 


Figure  1 


LATCH  ENABLE 


<*— 'PLH        <PHL — »-l  \r*— 

7s"  V 


vcc 

GND 


Figure  2 


OUTPUT  ENABLE 


<PZL  <PLZ" 


50% 


"'PZH  'PHZ- 


VCC 
GND 
HIGH 

impedance 
vol 


50% 


90%  —  VOH 


Figure  3 


HIGH 

IMPEDANCE 


INPUT  D 


■  VALID  - 


LATCH  ENABLE 


vcc 

GND 


"^50% 


—  vCc 

  GND 


Figure  4 


TEST  P 

DEVICE 

OUTPUT 

UNDER 

TEST 

T 

TEST  POINT 


*lncludes  all  probe  and  jig  capacitance. 
Figure  5.  Test  Circuit 


CONNECT  TO  Vcc  WHEN 
TESTING  tpLZ  AND  tp2L. 
CONNECT  TO  GND  WHEN 
TESTING  tpHZ  AND  tPZH. 


*lncludes  all  probe  and  jig  capacitance. 
Figure  6.  Test  Circuit 


EXPANDED  LOGIC  DIAGRAM 
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Octal  3-State  Noninverting 
Transparent  Latch  with 
LSTTL-Compatible  Inputs 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HCT373  may  be  used  as  a  level  converter  for  interfacing  TTL  or 
NMOS  outputs  to  High-Speed  CMOS  inputs. 
The  HCT373  is  identical  in  pinout  to  the  LS373. 

The  eight  latches  of  the  HCT373  are  transparent  D-type  latches.  While  the  Latch 
Enable  is  high  the  Q  outputs  follow  the  Data  Inputs.  When  Latch  Enable  is  taken  low, 
data  meeting  the  setup  and  hold  times  becomes  latched. 

The  Output  Enable  does  not  affect  the  state  of  the  latch,  but  when  Output  Enable 
is  high,  all  outputs  are  forced  to  the  high-impedance  state.  Thus,  data  may  be 
latched  even  when  the  outputs  are  not  enabled. 

The  HCT373  is  identical  in  function  to  the  HCT573,  which  has  the  input  pins  on  the 
opposite  side  of  the  package  from  the  output  pins.  This  device  is  similar  in  function 
to  the  HCT533,  which  has  inverting  outputs. 

•  Output  Drive  Capability:  15  LSTTL  Loads 

•  TTL/NMOS-Compatible  Input  Levels 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  4.5  to  5.5  V 

•  Low  Input  Current:  1  j*A 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  186  FETs  or  46.5  Equivalent  Gates 


LOGIC  DIAGRAM 


OUTPUT  ENABLE 


MC54/74HCT373 


J  SUFFIX 
CERAMIC 
CASE  732 


N  SUFFIX 
PLASTIC 
CASE  738 


DW  SUFFIX 

SOIC 
CASE  751 D 


ORDERING  INFORMATION 

MC74HCTXXXN  Plastic 
MC54HCTXXXJ  Ceramic 
MC74HCTXXXDW  SOIC 

TA=  -55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 


PIN  ASSIGNMENT 

OUTPUT 


FUNCTION  TABLE 


Inputs 

Output 

Output 

Latch 

Enable 

Enable 

D 

Q 

L 

H 

H 

H 

L 

H 

L 
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No 

L 

L 

X 

Change 

H 

X 

X 

Z 

X  =  don't  care 

2  =  high  impedance 
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MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

—  u.o  to  +  /  .u 

vin 

DC  Input  voltage  Ineterenced  to  uNU) 

—  l.o  to  vcc  +  1  -a 

V 

V0ut 

DC  Output  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc +  0.5 

V 

'in 

DC  Input  Current,  per  Pin 

±20 

mA 

'out 

DC  Output  Current,  per  Pin 

±35 

mA 

ice 

DC  Supply  Current,  Vcc  antJ  GND  pins 

±75 

mA 

PD 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tstq 

Storage  Temperature 

-65  to  +150 

°C 

TL 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°C 

♦Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
tDerating  -  Plastic  DIP:  -10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -  10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjn  and 
Vout  should  be  constrained  to  the 
range  GND<(Vin  or  Vout)<VCC- 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  Vqq).  Unused 
outputs  must  be  left  open. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

4.5 

5.5 

V 

Vin.V0lJt 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

VCC 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°C 

tr.  tf 

Input  Rise  and  Fall  Time  (Figure  1) 

0 

500 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 


vCc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

Test  Conditions 

25°C  to 
-55°C 

<85°C 

<125°C 

Unit 

V|H 

Minimum  High-Level  Input 
Voltage 

Vout  =  0.1  VorVcc-0.1  V 
|loutl  ^20  ,tA 

4.5 
5.5 

2.0 
2.0 

2.0 
2.0 

2.0 
2.0 

V 

V|L 

Maximum  Low-Level  Input 
Voltage 

Vout  =  0.1  Vor  VCC -0.1  V 
|lout|<20(lA 

4.5 
5.5 

0.8 
0.8 

0.8 
0.8 

0.8 
0.8 

V 

VOH 

Minimum  High-Level  Output 
Voltage 

Vin  =  V|H  or  V|L 
|lout|<20^A 

4.5 

5.5 

4.4 
5.4 

4.4 

5.4 

4.4 

5.4 

V 

Vin  =  V|H  or  V,L 
|lout|<6.0  mA 

4.5 

3.98 

3.84 

3.70 

vol 

Maximum  Low-Level  Output 
Voltage 

Vin  =  V|H  or  V|L 
|IOU,|<20MA 

4.5 
5.5 

0.1 
0.1 

0.1 
0.1 

0.1 
0.1 

V 

Vin  =  V|H  or  VIL 
|lou,|<6.0mA 

4.5 

0.26 

0.33 

0.40 

'in 

Maximum  Input  Leakage  Current 

Vin  =  VcC  or  GND 

5.5 

±0.1 

±1.0 

±1.0 

^A 

ioz 

Maximum  Three-State  Leakage 
Current 

Output  in  High-Impedance  State 
Vin  =  V|L  or  V|H 
Vout  =  VCC  °r  GND 

5.5 

±0.5 

±5.0 

±10.0 

MA 

ice 

Maximum  Quiescent  Supply 
Current  (per  Package) 

Vin  =  VCC  or  GND 
lout  =  0MA 

5.5 

8 

80 

160 

„A 

Wee 

Additional  Quiescent  Supply 

Vjn  =  2.4  V,  Any  One  Input 

2  -55°C 

25°C  to  125°C 

Current 

V,n  =  Vcc  or  GND.  0ther  Inputs 

lout  =  °*<A 

5.5 

2.9 

2.4 

mA 

NOTES: 

1 .  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 

2.  Total  Supply  Current  =  Ice +  ^ Alee- 
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AC  ELECTRICAL  CHARACTERISTICS  (Vcc  =  5.0  V  ±10%,  CL  =  50  pF,  Input  tr  =  tf  =  6  ns) 


Symbol 

Parameter 

Guaranteed  Limit 

Unit 

2S°C  to 
-55°C 

s86"C 

<125"C 

tPLH. 
tPHL 

Maximum  Propagation  Delay,  Input  D  to  Q 
(Figures  1  and  51 

35 

44 

53 

ns 

'PLH. 
<PHL 

Maximum  Propagation  Delay,  Latch  Enable  to  Q 
(Figures  2  and  51 

35 

44 

53 

ns 

tpLZ. 
<PHZ 

Maximum  Propagation  Delay,  Output  Enable  to  Q 
(Figures  3  and  6) 

35 

44 

53 

ns 

<PZb 
<PZH 

Maximum  Propagation  Delay,  Output  Enable  to  Q 
(Figures  3  and  6) 

35 

44 

53 

ns 

«TLH- 
'THL 

Maximum  Output  Transition  Time,  Any  Output 
(Figures  1  and  5) 

12 

15 

18 

ns 

Cin 

Maximum  Input  Capacitance 

10 

10 

10 

pF 

cout 

Maximum  Three-State  Output  Capacitance  (Output  in  High-Impedance  State) 

15 

15 

15 

pF 

NOTES: 

1 .  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


CPD 

Power  Dissipation  Capacitance  (Per  Latch) 

Typical  @  25°C.  VCC  =  S.O  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 
PD  =  CpD  vcc2'  +  ice  V(X 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

65 

pF 

TIMING  REQUIREMENTS  (Vcc  =  S.O  V  ±10%,  Input  tr  =  tf  =  6  nsl 


Symbol 

Parameter 

Guaranteed  Limit 

Unit 

25-0  10 
-55°C 

<8S"C 

tsu 

Minimum  Setup  Time,  Input  D  to  Latch  Enable 
(Figure  4) 

10 

13 

15 

ns 

<h 

Minimum  Hold  Time,  Latch  Enable  to  Input  D 
(Figure  4) 

10 

13 

15 

ns 

'w 

Minimum  Pulse  Width,  Latch  Enable 
(Figure  21 

16 

20 

24 

ns 

tf.  tf 

Maximum  Input  Rise  and  Fall  Times 
(Figure  1) 

500 

500 

500 

ns 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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♦Includes  all  probe  and  jig  capacitance. 
Figure  5.  Test  Circuit 


CONNECT  TO  Vcc  WHEN 
TESTING  tpu  AND  tpZl. 
CONNECT  TO  GND  WHEN 
TESTING  IpHZ  AND  1PZH. 


•includes  all  probe  and  jig  capacitance. 
Figure  6.  Test  Circuit 
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Octal  3-State  Noninverting 
D  Flip-Flop 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC374  is  identical  in  pinout  to  the  LS374.  The  device  inputs  are 
compatible  with  standard  CMOS  outputs;  with  pullup  resistors,  they  are  compatible 
with  LSTTL  outputs. 

Data  meeting  the  setup  time  is  clocked  to  the  outputs  with  the  rising  edge  of  the 
Clock.  The  Output  Enable  input  does  not  affect  the  states  of  the  flip-flops,  but 
when  Output  Enable  is  high,  the  outputs  are  forced  to  the  high-impedance  state; 
thus,  data  may  be  stored  even  when  the  outputs  are  not  enabled. 

The  HC374  is  identical  in  function  to  the  HC574,  which  has  the  input  pins  on  the 
opposite  side  of  the  package  from  the  output  pins.  This  device  is  similar  in  function 
to  the  HC534,  which  has  inverting  outputs. 

•  Output  Drive  Capability:  15  LSTTL  Loads 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1  /iA 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  266  FETs  or  66.5  Equivalent  Gates 


MC54/74HC374 


J  SUFFIX 
CERAMIC 
CASE  732 


N  SUFFIX 
PLASTIC 
CASE  738 


DW  SUFFIX 

SOIC 
CASE  751 D 


ORDERING  INFORMATION 

MC74HCXXXN  Plastic 
MC54HCXXXJ  Ceramic 
MC74HCXXXDW  SOIC 

T/\  =  -  55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 
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MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

-  0.5  to  +7.0 

V 

Vin 

DC  Input  Voltage  (Referenced  to  GND) 

-  1 .5  to  Vcc+  t-b 

V 

Vout 

DC  Output  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc +  0.5 

V 

■in 

DC  Input  Current,  per  Pin 

±20 

mA 

'out 

DC  Output  Current,  per  Pin 

±35 

mA 

!CC 

DC  Supply  Current,  Vcc  and  GND  Pins 

±75 

mA 

PD 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPf 
SOIC  Packaget 

750 
500 

mW 

Tstq 

Storage  Temperature 

-65  to  +150 

°c 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°c 

*Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
TDerating  -  Plastic  DIP:  -  10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjn  and 
V0ut  should  be  constrained  to  the 
range  GND<(Vin  or  Vout)<VCc- 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  V^c'  Unused 
outputs  must  be  left  open. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin-Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

vcc 

V 

Ta 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

V. 'f 

Input  Rise  and  Fall  Time                          Vcc  =  2.0V 
(Figure  1)                                              Vcc  =  4.5  V 

VCc  =  6.0  v 

0 
0 
0 

1000 
500 
400 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 


VCC 
V 

Guaranteed  Limit 

Symbol 

Parameter 

Test  Conditions 

2S'C  to 
-55°C 

s85°C 

<125°C 

Unit 

V|H 

Minimum  High-Level  Input 
Voltage 

Vout  =  0.1  Vor  Vcc-0.1  V 
|loutN20„A 

2.0 
4.5 
6.0 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

V 

V|L 

Maximum  Low-Level  Input 
Voltage 

Vout  =  0.1  Vor  Vcc-0.1  V 
|lout|<20MA 

2.0 
4.5 
6.0 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

V 

V0H 

Minimum  High-Level  Output 
Voltage 

Vin  =  V|H  or  V|L 
Houtls20„A 

2.0 
4.5 
6.0 

1.9 
4.4 

5.9 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

V 

Vin=V|Ho,V|L  Houtl^e.OmA 
|lout|s7.8  mA 

4.5 

6.0 

3.98 
5.48 

3.84 
5.34 

3.70 
5.20 

vol 

Maximum  Low-Level  Output 
Voltage 

vin  =  V|H  or  V|L 
|lout|<20^A 

2.0 
4.5 
6.0 

0.1 

0.1 
0.1 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

V 

Vin  =  V|HorV|L  |lout|<6.0mA 
|lout|<7.8  mA 

4.5 
6.0 

0.26 
0.26 

0.33 
0.33 

0.40 
0.40 

'in 

Maximum  Input  Leakage  Current 

Vin  =  VCcorGND 

6.0 

±0.1 

+  1.0 

±1.0 

/■A 

lOZ 

Maximum  Three-State  Leakage 
Current 

Output  in  High-Impedance  State 
V|n  =  V|L  or  VIH 
Vout  =  Vcc  or  GND 

6.0 

±0.5 

±5.0 

±10.0 

^A 

ice 

Maximum  Quiescent  Supply 
Current  (per  Package) 

Vin  =  VcCOrGND 
lout  =  0MA 

6.0 

8 

80 

160 

«A 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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AC  ELECTRICAL  CHARACTERISTICS  (CL  =  50  pF,  Input  tr  =  tf  =  6  ns) 


Vcc 
V 

Guaranteed  Limit 

Symbol 

Parameter 

25°C  to 

<85°C 

<125°C 

Unit 

-55°C 

fmax 

Maximum  Clock  Frequency  (50%  Duty  Cycle) 

2.0 

6  0 

4  8 

4  0 

MHz 

(Figures  1  and  4) 

4.5 

30 

24 

20 

6.0 

35 

28 

24 

<PLH. 

Maximum  Propagation  Delay,  Clock  to  Q 

2.0 

180 

225 

270 

ns 

<PHL 

(Figures  1  and  4) 

4.5 

36 

45 

54 

6.0 

31 

38 

46 

tpLZ. 

Maximum  Propagation  Delay,  Output  Enable  to  Q 

2.0 

150 

190 

225 

ns 

<PHZ 

(Figures  2  and  51 

4.5 

30 

38 

45 

6.0 

26 

33 

38 

tPZL. 

Maximum  Propagation  Delay,  Output  Enable  to  Q 

2.0 

150 

190 

225 

ns 

'PZH 

(Figures  2  and  5) 

4.5 

30 

38 

45 

6.0 

26 

33 

38 

>TLH. 

Maximum  Output  Transition  Time,  Any  Output 

2.0 

60 

75 

90 

ns 

'THL 

(Figures  1  and  4) 

4.5 

12 

15 

18 

6.0 

10 

13 

15 

Cjn 

Maximum  Input  Capacitance 

10 

10 

10 

pF 

Maximum  Three-State  Output  Capacitance  (Output  in  High-Impedance 

15 

15 

15 

pF 

Statel 

NOTES: 

1.  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


CPD 

Power  Dissipation  Capacitance  (Per  Flip-Flop) 

Typical  @  25°C,  VCC  =  5.0  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 

PD  =  CPD  Vcc2f +  ICC  VCc 

40 

pF 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

TIMING  REQUIREMENTS  (Input  tr  =  tf  =  6  ns) 


vcc 

Guaranteed  Limit 

Symbol 

Parameter 

25°  C  to 

Unit 

V 

-55°C 

£85°C 

<125°C 

«su 

Minimum  Setup  Time,  Data  to  Clock 

2.0 

100 

125 

150 

ns 

(Figure  3) 

4.5 

20 

25 

6.0 

17 

21 

th 

Minimum  Hold  Time,  Clock  to  Data 

2.0 

25 

30 

40 

ns 

(Figure  31 

4.5 

5 

6 

8 

6.0 

5 

6 

7 

«w 

Minimum  Pulse  Width,  Clock 

2.0 

80 

100 

120 

ns 

(Figure  1) 

4.5 

16 

20 

24 

6.0 

14 

17 

20 

V-  «f 

Maximum  Input  Rise  and  Fall  Times 

2.0 

1000 

1000 

1000 

ns 

(Figure  1) 

4.5 

500 

500 

500 

6.0 

400 

400 

400 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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MC54/74HC374 

SWITCHING  WAVEFORMS 


 1  ''max  

-'PLH  'PHL " 
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-'TLH  <THL- 
Figure  1 
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vol 


90%  —  V0H 


HIGH 
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Figure  2 


DATA  ~^50% 


-  VALID  - 


CLOCK 


X 


Vcc 

GND 
«CC 
GND 


Figure  3 


DEVICE 
UNDER 
TEST 


TEST  POINT 
0 


OUTPUT 


*  Includes  all  probe  and  jig  capacitance. 
Figure  4.  Test  Circuit 


(CONNECT  TO  VCC  WHEN 
TESTING  tplz  AND  tpZL. 
CONNECT  TO  GND  WHEN 
TESTING  tpHZ  AND  tPZH. 


♦Includes  all  probe  and  jig  capacitance. 
Figure  5.  Test  Circuit 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL  DATA 


Octal  3-State  IMoninverting 
D  Flip-Flop  with  LSTTL- 
Compatible  Inputs 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HCT374  may  be  used  as  a  level  converter  for  interfacing  TTL  or 
NMOS  outputs  to  High-Speed  CMOS  inputs. 
The  HCT374  is  identical  in  pinout  to  the  LS374. 

Data  meeting  the  setup  and  hold  time  is  clocked  to  the  outputs  with  the  rising 
edge  of  Clock.  The  Output  Enable  does  not  affect  the  state  of  the  flip-flops,  but 
when  Output  Enable  is  high,  the  outputs  are  forced  to  the  high-impedance  state. 
Thus,  data  may  be  stored  even  when  the  outputs  are  not  enabled. 

The  HCT374  is  identical  in  function  to  the  HCT574,  which  has  the  input  pins  on 
the  opposite  side  of  the  package  from  the  output  pins.  This  device  is  similar  in  func- 
tion to  the  HCT534,  which  has  inverting  outputs. 

•  Output  Drive  Capability:  15  LSTTL  Loads 

•  TTL/NMOS-Compatible  Input  Levels 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  4.5  to  5.5  V 

•  Low  Input  Current:  1  jiA 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  266  FETs  or  66.5  Equivalent  Gates 


LOGIC  DIAGRAM 


DATA 
INPUTS 


r  00-2- 

—2— 00 

m-J- 

-5-oi 

D2-Z- 

-£—  02 

03-2- 

—5—03 

N0NINVERTING 

D4^_ 

-12-04 

OUTPUTS 

05^- 

Ji-05 

06^- 

-15-06 

D7-1L 

-13-07 

It 

CLOCK  — — 

> 

OUTPUT  ENABLE  - 


PIN  20-Vcc 
PIN  10-GND 


MC54/74HCT374 


J  SUFFIX 
CERAMIC 
CASE  732 


N  SUFFIX 
PLASTIC 
CASE  738 


DW  SUFFIX 

SOIC 
CASE  751 D 


ORDERING  INFORMATION 

MC74HCTXXXN  Plastic 
MC54HCTXXXJ  Ceramic 
MC74HCTXXXDW  SOIC 

Ta=  -55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 


PIN  ASSIGNMENT 


FUNCTION  TABLE 


Inputs 

Output 

Output 

Clock 

D 

Q 

Enable 

L 

H 

H 

L 

L 

L 

L 

L,H,  V_ 

X 

no 

change 

H 

X 

X 

z 

X  =  don't  care 

Z  =  high  impedance 
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MC54/74HCT374 


MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

-0.5  to  +7.0 

V 

vin 

DC  Input  Voltage  (Referenced  to  GNDI 

-  1.5  to  Vcc  + 1-5 

V 

Vout 

DC  Output  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc +  0.5 

V 

'in 

DC  Input  Current,  per  Pin 

±20 

mA 

•out 

DC  Output  Current,  per  Pin 

±35 

mA 

ice 

DC  Supply  Current,  Vcc  and  GND  Pins 

+  75 

mA 

PD 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tstg 

Storage  Temperature 

-65  to  +150 

°C 

TL 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°C 

♦Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
TDerating  -  Plastic  DIP:  -10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjn  and 
V0ut  should  be  constrained  to  the 
range  GND<(Vjn  or  Vout)<VCc- 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  Vcc)-  Unused 
outputs  must  be  left  open. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

4.5 

5.5 

V 

Vin-Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

VCC 

V 

TA 

Operating  Temperature,  All  Package  Types 

-65 

+  125 

°C 

tr.tf 

Input  Rise  and  Fall  Time  (Figure  1) 

o 

500 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 


vCc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

Test  Conditions 

2S°C  to 
-SS'C 

:;85°C 

<125°C 

Unit 

VlH 

Minimum  High-Level  Input 
Voltage 

Vout  =  0.1  VorVcc-0.1  V 
Houtl  £20  ?A 

4.5 
5.5 

2.0 
2.0 

2.0 
2.0 

2.0 
2.0 

V 

V|L 

Maximum  Low-Level  Input 
Voltage 

Vout  =  0.1  VorVcc-0.1  V 
|lout|  520  mA 

4.5 
5.5 

0.8 
0.8 

0.8 
0.8 

0.8 
0.8 

V 

VOH 

Minimum  High-Level  Output 
Voltage 

Vin  =  V|H  or  V|L 
|lout|<20,»A 

4.5 
5.5 

4.4 
5.4 

4.4 
5.4 

4.4 

5.4 

V 

Vin  =  V|H  or  V|L 
|lout|£6.0mA 

4.5 

3.98 

3.84 

3.70 

vol 

Maximum  Low-Level  Output 
Voltage 

Vin  =  V,H  or  V|L 
|lout|£20/lA 

4.5 
5.5 

0.1 
0.1 

0.1 
0.1 

0.1 
0.1 

V 

Vin  =  V,H  or  V|L 
|  lout!  £6.0  mA 

4.5 

0.26 

0.33 

0.40 

hn 

Maximum  Input  Leakage  Current 

V|n  =  VcCorGND 

5.5 

±0.1 

±1.0 

±1.0 

*A 

ioz 

Maximum  Three-State  Leakage 
Current 

Output  in  High-Impedance  State 
V]n  =  V|L  or  V|H 
Vout  =  VCC  or  GND 

5.5 

±0.5 

±5.0 

±10.0 

vA 

!CC 

Maximum  Quiescent  Supply 
Current  (per  Package) 

Vin  =  VcCOr  GND 
lout  =  0^A 

5.5 

8 

80 

160 

AICC 

Additional  Quiescent  Supply 

Vjn  =  2.4  V,  Any  One  Input 

>-5S"C 

25°C  to  125°C 

Current 

vin  =  vCC  or  GND.  0ther  lnDU,s 

lout  =  0fA 

5.5 

2.9 

2.4 

mA 

NOTES: 


1.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 

2.  Total  Supply  Current  =  Ice  +  EAICC- 
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MC54/74HCT374 


AC  ELECTRICAL  CHARACTERISTICS  [Vcc  =  S.OV  ±10%,  CL  =  50pF,  Input  tr  =  tf  =  6  ns) 


Symbol 

Parameter 

Guaranteed  Limit 

Unit 

2S°C  to 
-55°C 

s85°C 

512S°C 

'max 

Maximum  Clock  Frequency  (50%  Duty  Cycle) 
(Figures  1  and  4) 

30 

24 

20 

MHz 

•PLH' 
tpHL 

Maximum  Propagation  Delay,  Clock  to  Q 
(Figures  1  and  4) 

35 

44 

53 

'PLZ. 
'PHZ 

Maximum  Propagation  Delay,  Output  Enable  to  Q 
(Figures  2  and  5) 

35 

44 

53 

ns 

'PZL. 
'PZH 

Maximum  Propagation  Delay,  Output  Enable  to  Q 
(Figures  2  and  5) 

35 

44 

53 

ns 

»TLH. 
tTHL 

Maximum  Output  Transition  Time,  Any  Output 
(Figures  1  and  4) 

12 

15 

18 

ns 

Cin 

Maximum  Input  Capacitance 

10 

10 

10 

pF 

cout 

Maximum  Three-State  Output  Capacitance  (Output  in  High-Impedance  State) 

15 

15 

15 

pF 

NOTES: 

1 .  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 

CPD 

Power  Dissipation  Capacitance  (Per  Flip-Flop) 

Used  to  determine  the  no-load  dynamic  power  consumption: 

PD=Cpo  Vcf^f+lcc  vcc 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

Typical  @  25-C,  Vcc  =  5.0  V 

pF 

65 

TIMING  REQUIREMENTS  (VCC  =  5.0V  ±10%.  Input  tr  =  tf  =  6  ns) 

Symbol 

Parameter 

Guaranteed  Limit 

Unit 

25°  C  to 
-SS'C 

<86°C 

<12S"C 

<su 

Minimum  Setup  Time,  Data  to  Clock 
(Figure  31 

20 

25 

30 

ns 

'h 

Minimum  Hold  Time,  Clock  to  Data 
(Figure  3) 

5 

5 

5 

ns 

<W 

Minimum  Pulse  Width,  Clock 
(Figure  1) 

16 

20 

24 

ns 

tr.  tf 

Maximum  Input  Rise  and  Fall  Times 
(Figure  1) 

500 

500 

500 

ns 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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TESTING  IpL2  AND  IPZL. 
CONNECT  TO  GND  WHEN 
TESTING  lPH2  ANO  tPZH. 


^Includes  all  probe  and  jig  capacitance. 
Figure  4.  Test  Circuit 


*  Includes  all  probe  and  jig  capacitance. 
Figure  5.  Test  Circuit 
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Advance  Information 

Quad  2-lnput  Exclusive  OR  Gate 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC386  is  identical  in  pinout  to  the  LS386.  The  device  inputs  are 
compatible  with  standard  CMOS  outputs;  with  pullup  resistors,  they  are  compatible 
with  LSTTL  outputs. 

The  HC386  is  identical  in  function  to  the  HC86,  but  has  a  different  pin 
assignment. 

•  Output  Drive  Capability:  10  LSTTL  Loads 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1  /»A 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7  A 

•  Chip  Complexity:  56  FETs  or  14  Equivalent  Gates 


MC54/74HC386 


J  SUFFIX 
CERAMIC 
CASE  632 


N  SUFFIX 
PLASTIC 
CASE  646 


D  SUFFIX 

SOIC 
CASE  751A 


ORDERING  INFORMATION 

MC74HCXXXN  Plastic 
MC54HCXXXJ  Ceramic 
MC74HCXXXD  SOIC 

T^=  -55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 
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B2- 
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LOGIC  DIAGRAM 
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PIN  ASSIGNMENT 
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L 

This  document  contains  information  on  a  new  product.  Specifications  and  information  herein  are  subject  to  change  without  notice. 
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MC54/74HC386 


MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GNDI 

-0.5  to  +7.0 

V 

Vjn 

DC  Input  Voltage  (Referenced  to  GND) 

-1.5  to  Vcc  +  1-5 

V 

Vout 

DC  Output  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc  +  0.5 

V 

■in 

DC  Input  Current,  per  Pin 

±20 

mA 

'out 

DC  Output  Current,  per  Pin 

±25 

mA 

ice 

DC  Supply  Current,  Vcc  and  GND  pins 

±50 

mA 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tstq 

Storage  Temperature 

-65  to  +150 

°C 

tl 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°C 

♦Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
tDerating  -  Plastic  DIP:  -10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  - 10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjn  and 
Vout  should  be  constrained  to  the 
range  GND<r(Vin  or  Vout]sVcc- 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  Vccl-  Unused 
outputs  must  be  left  open. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GNDI 

2.0 

6.0 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

vcc 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

«r.  tf 

Input  Rise  and  Fall  Time                          Vcc  =  2.0  V 
(Figure  1)                                              Vcc  =  4.5V 

VCC  =  6.0  V 

0 
0 
0 

1000 
500 
400 

ns 

DC  ELECTRICAL  CHARACTERISTICS  [Voltages  Referenced  to  GND) 


vcc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

Test  Conditions 

25-C  to 
-55-C 

s85°C 

<125°C 

Unit 

V|H 

Minimum  High-Level  Input 
Voltage 

Vout  =  0.1  Vor  VCC 
|lout|<20^A 

-0.1  V 

2.0 
4.5 
6.0 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

V 

V|L 

Maximum  Low-Level  Input 
Voltage 

Vout  =  0.1  Vor  VCC 
|lout|<20^ 

-0.1  V 

2.0 
4.5 
6.0 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

V 

VOH 

Minimum  High-Level  Output 
Voltage 

Vin  =  V|H  or  V,L 
llouti  s2f>MA 

2.0 
4.5 
6.0 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

1.9 
4.4 

5.9 

V 

Vin  =  V|H  or  V|L 

|lout|s4.0  mA 
|lout|s5.2  mA 

4.5 
6.0 

3.98 
5.48 

3.84 
5.34 

3.70 
5.20 

vol 

Maximum  Low-Level  Output 
Voltage 

Vin  =  V|H  or  V,L 
|lout|<20flA 

2.0 
4.5 
6.0 

0.1 
0.1 
0.1 

0.1 

0.1 
0.1 

0.1 
0.1 
0.1 

V 

Vin  =  V|HorV|L 

llouti  s40  mA 
|loutl  ^S.2  mA 

4.5 
6.0 

0.26 
0.26 

0.33 
0.33 

0.40 
0.40 

fa 

Maximum  Input  Leakage  Current 

Vin  =  Vcc  or  GND 

6.0 

±0.1 

±1.0 

±1.0 

■A 

ice 

Maximum  Quiescent  Supply 
Current  (per  Package) 

Vin  =  Vcc  or  GND 
lout  =  0(iA 

6.0 

2 

20 

40 

/•A 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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AC  ELECTRICAL  CHARACTERISTICS  [CL  =  50  pF,  Input  tr  =  tf  =  6  nsl 


vCc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

25°C  to 

<85°C 

<12S°C 

Unit 

-55°C 

tPLH' 

Maximum  Propagation  Delay,  Input  A  or  B  to  Output  Y 

2.0 

120 

150 

180 

ns 

tpHL 

(Figures  1  and  2) 

4.5 

24 

30 

36 

6.0 

20 

26 

31 

*TLH' 

Maximum  Output  Transition  Time,  Any  Output 

2.0 

75 

95 

110 

ns 

Thl 

(Figures  1  and  2) 

4.5 

15 

19 

22 

6.0 

13 

16 

19 

cin 

Maximum  Input  Capacitance 

10 

10 

10 

pF 

NOTES: 

1 .  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


CpD 

Power  Dissipation  Capacitance  (Per  Gate) 

Typical  @  25°C.  VCC  =  5  0  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 

PD  =  CPD  Vcc2f+lcc  VCC 

33 

pF 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

Figure  1.  Switching  Waveforms  Figure  2.  Test  Circuit 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL  DATA 


Dual  4-Stage  Binary  Ripple 
Counter  with  -r  2  and  -r  5 
Sections 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC390  is  identical  in  pinout  to  the  LS390.  The  device  inputs  are 
compatible  with  standard  CMOS  outputs;  with  pullup  resistors,  they  are  compatible 
with  LSTTL  outputs. 

This  device  consists  of  two  independent  4-bit  counters,  each  composed  of  a 
divide-by-two  and  a  divide-by-five  section.  The  divide-by-two  and  divide-by-five 
counters  have  separate  clock  inputs,  and  can  be  cascaded  to  implement  various 
combinations  of  h- 2  and/or  -s-  5  up  to  a  h- 100  counter. 

Flip-flops  internal  to  the  counters  are  triggered  by  high-to-low  transitions  of  the 
clock  input.  A  separate,  asynchronous  reset  is  provided  for  each  4-bit  counter. 
State  changes  of  the  Q  outputs  do  not  occur  simultaneously  because  of  internal 
ripple  delays.  Therefore,  decoded  output  signals  are  subject  to  decoding  spikes  and 
should  not  be  used  as  clocks  or  strobes  except  when  gated  with  the  Clock  of  the 
HC390. 

•  Output  Drive  Capability:  10  LSTTL  Loads 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1  ;iA 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  244  FETs  or  61  Equivalent  Gates 


LOGIC  DIAGRAM 


Clock  A- 


1,  15 


C  >  Counter 


3,  13 


Qa 


MC54/74HC390 


J  SUFFIX 
CERAMIC 
CASE  620 


N  SUFFIX 
PLASTIC 
CASE  648 


D  SUFFIX 

SOIC 
CASE  751 


ORDERING  INFORMATION 

MC74HCXXXN  Plastic 
MC54HCXXXJ  Ceramic 
MC74HCXXXD  SOIC 

TA  =  -  55"  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 


PIN  ASSIGNMENT 


Clock  Aa[ 
Reset  at 

QAal 
Clock  Ba I 

QBal 
OCa'6 
QDal  7 
GND  [  8 


1  • 

2 
3 
4 
5 


IVCC 
I  Clock  Ab 

]  Reset  b 

IQAb 
12  p  Clock  Bb 
11 

10 
9 


IQBb 

iQcb 
IQDb 


Clock  B - 


Reset  - 


2,  14 


-C> 


H-5 
Counter 


Pin  16=VCC 
Pin  8=  GND 


-QB 

Qc 


6,  10 


FUNCTION  TABLE 


Clock 
A  B 

Reset 

Action 

X  X 

H 

Reset 
+  2  and  ♦  5 

"\_  x 

L 

Increment 

*■% 

x  -v 

L 

Increment 
■4-5 
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MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

vcc 

uu  ouppiy  voltage  inererenceu  to  uinui 

-0.5  to  +7.0 

V 

vin 

input  voltage  inererencea  to  unui 

-  1 .5  to  Vcc  +  1  -5 

V 

Vout 

DC  Output  Voltage  (Referenced  to  GNDI 

-0.5  to  Vcc +  0.5 

V 

'in 

DC  Input  Current,  per  Pin 

±20 

mA 

'out 

DC  Output  Current,  per  Pin 

±25 

mA 

ice 

DC  Supply  Current,  Vcc  ar|d  GND  Pins 

±50           |  mA 

PD 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tstq 

Storage  Temperature 

-65  to  +150 

°C 

tl 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°C 

*Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
tDerating  -  Plastic  DIP:  -10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjn  and 
Vout  should  be  constrained  to  the 
range  GND<(Vin  or  V0Ut)<VCC- 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  Vcc)-  Unused 
outputs  must  be  left  open. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

vcc 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

tr-  tf 

Input  Rise  and  Fall  Time                          Vcc  =  2.0  V 
(Figure  1)                                             VCC  =  4.5V 

VCC  =  6.0  V 

0 
0 
0 

1000 
500 
400 

ns 

DC  ELECTRICAL  CHARACTERISTICS  IVoltages  Referenced  to  GND) 


vcc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

Test  Conditions 

25°C  to 
-55°C 

s85°C 

<125°C 

Unit 

V|H 

Minimum  High-Level  Input 
Voltage 

Vou,  =  0.1  Vor  VCC 
Houtl  *20  <A 

-0.1  V 

2.0 
4.5 
6.0 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

V 

V|L 

Maximum  Low-Level  Input 
Voltage 

Vout  =  0.1  Vor  VCC 
|lout|<20^ 

-0.1  V 

2.0 
4.5 
6.0 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

V 

VOH 

Minimum  High-Level  Output 
Voltage 

Vin  =  V|H  °r  V,L 
lloutl  =s20 

2.0 
4.5 
6.0 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

V 

Vin  =  V|H  orV|L 

|lout|<4.0  mA 
|lout|<5.2  mA 

4.5 
6.0 

3.98 
5.48 

3.84 
5.34 

3.70 
5.20 

vol 

Maximum  Low-Level  Output 
Voltage 

vin  =  V|H  or  V|L 
|  lout|  S  20  ,.A 

2.0 
4.5 
6.0 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

V 

Vin  =  V|H  or  V,L 

|lout|<4.0  mA 
|loutl  s  5.2  mA 

4.5 
6.0 

0.26 
0.26 

0.33 
0.33 

0.40 
0.40 

■in 

Maximum  Input  Leakage  Current 

Vin  =  Vcc  or  GND 

6.0 

±0.1 

±1.0 

±1.0 

«A 

ice 

Maximum  Quiescent  Supply 
Current  (per  Package) 

Vin  =  VCC  or  GND 
'out"0/"* 

6.0 

8 

80 

160 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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AC  ELECTRICAL  CHARACTERISTICS  (CL  =  50  pF,  Input  tr  =  tf  =  6  ns) 


vCc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

25°  C  to 
-55°C 

<85°C 

<125°C 

Unit 

'max 

Maximum  Clock  Frequency  (50%  Duty  Cycle) 
(Figures  1  and  3) 

2.0 
4.5 
6.0 

5.4 

27 
32 

4.4 
22 
26 

3.6 
18 
21 

MHz 

'PLH. 
'PHL 

Maximum  Propagation  Delay,  Clock  A  to  OA 
(Figures  1  and  3) 

2.0 
4.5 
6.0 

120 
24 
20 

150 
30 
26 

180 
36 
31 

ns 

'PLH. 
•PHL 

Maximum  Propagation  Delay,  Clock  A  to  QC  (OA  connected  to  Clock  B) 
(Figures  1  and  3) 

2.0 
4.5 
6.0 

290 
58 
49 

365 
73 
62 

435 
87 
74 

ns 

'PLH. 
'PHL 

Maximum  Propagation  Delay,  Clock  B  to  QB 
(Figures  1  and  3) 

2.0 
4.5 

6.0 

130 
26 
22 

165 
33 
28 

195 
39 
33 

ns 

•PLH. 
'PHL 

Maximum  Propagation  Delay,  Clock  B  to  QC 
(Figures  1  and  3) 

2.0 
4.5 
6.0 

185 
37 
31 

230 
46 
39 

280 
56 
48 

ns 

'PLH. 
'PHL 

Maximum  Propagation  Delay,  Clock  B  to  QD 
(Figures  1  and  3) 

2.0 
4.5 
6.0 

130 
26 
22 

165 
33 
28 

195 
39 
33 

ns 

'PHL 

Maximum  Propagation  Delay,  Reset  to  any  Q 
(Figures  2  and  3) 

2.0 
4.5 
6.0 

165 
33 
28 

205 
41 
35 

250 
50 
43 

ns 

TLH. 
THL 

Maximum  Output  Transition  Time,  Any  Output 
(Figures  1  and  3) 

2.0 
4.5 
6.0 

75 
15 
13 

95 
19 
16 

110 
22 
19 

ns 

Cin 

,  

Maximum  Input  Capacitance 

10 

10 

10 

PF 

NOTES: 

1 .  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 

CPD 

Power  Dissipation  Capacitance  (Per  Counterl 

Typical  ( 

J  25"C,  VCC  =5.0  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 
PD  =  Cpo  Vcc2f+lcc  Vcc 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

35 

PF 

TIMING  REQUIREMENTS  (Input  tr  =  tf  =  6  ns) 

VCC 
V 

Guaranteed  Limit 

Symbol 

Parameter 

25°C  to 
-55°C 

<86°C 

£125°C 

Unit 

'rec 

Minimum  Recovery  Time,  Reset  Inactive  to  Clock  A  or  Clock  B 
(Figure  2) 

2.0 
4.5 
6.0 

50 
10 
9 

65 
13 
11 

75 
15 
13 

ns 

'w 

Minimum  Pulse  Width,  Clock  A,  Clock  B 
(Figure  1) 

2.0 
4.5 
6.0 

80 
16 
14 

100 
20 
17 

120 
24 
20 

ns 

«W 

Minimum  Pulse  Width,  Reset 
(Figure  21 

2.0 
4.5 
6.0 

125 
25 
21 

155 
31 
26 

190 
38 
32 

ns 

'r.'f 

Maximum  Input  Rise  and  Fall  Times 
(Figure  1) 

2.0 
4.5 
6.0 

1000 
500 
400 

1000 
500 
400 

1000 
500 
400 

ns 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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PIN  DESCRIPTIONS 


INPUTS 

CLOCK  A  (PINS  1,  15)  and  CLOCK  B  (PINS  4,  15)  - 

Clock  A  is  the  clock  input  to  the  *  2  counter;  Clock  B  is  the 
clock  input  to  the  *  5  counter.  The  internal  flip-flops  are 
toggled  by  high-to-low  transitions  of  the  clock  input. 

CONTROL  INPUTS 

RESET  (PINS  2,  14)  -  Asynchronous  reset.  A  high  at  the 
Reset  input  prevents  counting,  resets  the  internal  flip-flops, 
and  forces  Qa  through  Qrj  low. 


OUTPUTS 

QA  (PINS  3,  13)  -  Output  of  the  +  2  counter. 

QB.  QC  O-D  (PINS  5,  6,  7,  9,  10,  11)  -  Outputs  of  the 
+  5  counter.  Qrj  is  the  most  significant  bit.  Qa  is  the  least 
significant  bit  when  the  counter  is  connected  for  BCD  output 
as  in  Figure  4.  Qb  is  the  least  significant  bit  when  the  counter 
is  operating  in  the  bi-quinary  mode  as  in  Figure  5. 


Clock 


SWITCHING  WAVEFORMS 


Reset 


FIGURE2 


tPHL" 


J, 


50% 


vcc 

GND 


Clock 


50% 


FIGURE  3  -  TEST  CIRCUIT 


*  Includes  all  probe  and  jig  capacitance. 
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EXPANDED  LOGIC  DIAGRAM 


Clock  A 


1, 15 


CLock  B 


4.12 


-Cf>C  Q 

R 
T3~ 


Reset 


OC  Q 


r-0|D  Qp- 


C>C  Q 


0   R  ° 


OC 


1 — C  D    n    Q  > 


O*2 


Qa 


Qb 


J\6,  10 
4>^QC 


TIMING  DIAGRAM 

(Qa  Connected  to  Clock  Bl 


|    0  j    1    I    2    |    3    I    4    |    5    |    6    |    7    |    8    |    9    f    0  1    1    |    2    |    3    |    4    |    5    T  6  | 

c^AJ~u~u~ijn_Jijn_JiJTJ^jajn^ 


Reset 


_TL 


Qa 

°b"!  I  

°0  f 

Qd"1 


1  I  L 


J  L 
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APPLICATIONS  INFORMATION 


Each  half  of  the  MC54/74HC390  has  independent  2  and 
■*-5  sections  (except  for  the  Reset  function).  The  -h2  and 
-t-5  counters  can  be  connected  to  give  BCD  or  bi-quinary 
(2-5)  count  sequences.  If  output  Qa  is  connected  to  the  Clock 
B  input  (Figure  4),  a  decade  divider  with  BCD  output  is  ob- 
tained. The  function  table  for  the  BCD  count  sequence  is  given 
in  Table  1 . 


To  obtain  a  bi-quinary  count  sequence,  the  input  signal  is 
connected  to  the  Clock  B  input,  and  output  Qq  is  connected 
to  the  Clock  A  input  (Figure  5).  Qa  provides  a  50%  duty  cycle 
output.  The  bi-quinary  count  sequence  function  table  is  given 
in  Table  2. 


TABLE  1  - 
BCD  COUNT  SEQUENCE* 


*QA  connected  to  Clock  B  input. 


TABLE  2  - 
BI-QUINARY  COUNT  SEQUENCE** 


Count 

Output 

Count 

Output 

Qd 

Qc 

Qb 

Qa 

Qa 

Qd 

Qc 

Qb 

0 

L 

L 

L 

L 

0 

L 

L 

L 

L 

1 

L 

L 

L 

H 

1 

L 

L 

L 

H 

2 

L 

L 

H 

L 

2 

L 

L 

H 

L 

3 

L 

L 

H 

H 

3 

L 

L 

H 

H 

4 

L 

H 

L 

L 

4 

L 

H 

L 

L 

5 

L 

H 

L 

H 

8 

H 

L 

L 

L 

6 

L 

H 

H 

L 

9 

H 

L 

L 

H 

7 

L 

H 

H 

H 

10 

H 

L 

H 

L 

8 

H 

L 

L 

L 

11 

H 

L 

H 

H 

9 

H 

L 

L 

H 

12 

H 

H 

L 

L 

*  *QD  connected  to  Clock  A  input. 


CONNECTION  DIAGRAMS 


FIGURE  4  -  BCD  COUNT 


FIGURE5  -  BI-QUINARY  COUNT 


Clock  A 


Clock  B 


Clock  A 


Clock  B 
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SEMICONDUCTOR 

TECHNICAL  DATA 


Dual  4-Stage  Binary  Ripple 
Counter 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC393  is  identical  in  pinout  to  the  LS393.  The  device  inputs  are 
compatible  with  standard  CMOS  outputs;  with  pullup  resistors,  they  are  compatible 
with  LSTTL  outputs. 

This  device  consists  of  two  independent  4-bit  binary  ripple  counters  with  parallel 
outputs  from  each  counter  stage.  A  -=-256  counter  can  be  obtained  by  cascading 
the  two  binary  counters. 

Internal  flip-flops  are  triggered  by  high-to-low  transitions  of  the  clock  input.  Reset 
for  the  counters  is  asynchronous  and  active-high.  State  changes  of  the  Q  outputs 
do  not  occur  simultaneously  because  of  internal  ripple  delays.  Therefore,  decoded 
output  signals  are  subject  to  decoding  spikes  and  should  not  be  used  as  clocks  or 
as  strobes  except  when  gated  with  the  Clock  of  the  HC393. 

•  Output  Drive  Capability:  10  LSTTL  Loads 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1  /iA 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  236  FETs  or  59  Equivalent  Gates 


LOGIC  DIAGRAM 


Reset 


Pin  14  =  VCc 
Pin  7  =  GND 


MC54/74HC393 


J  SUFFIX 

CERAMIC 
CASE  632 

N  SUFFIX 
PLASTIC 
CASE  646 

D  SUFFIX 

SOIC 
CASE  751A 

ORDERING  INFORMATION 

MC74HCXXXN 
MC54HCXXXJ 
MC74HCXXXD 

Plastic 

Ceramic 

SOIC 

Ta=  -55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 

PIN  ASSIGNMENT 


Clock  a  [  1 
Reset  a  t  2 
Q1a  I  3 
Q2a  I  4 
0.3a  I  5 
Q4a  I  6 
GND  |  7 


J  vcc 


14 


13  ]  Clock  b 


1  Reset  b 

1  Qib 

]  Q2b 

9  I  Q3b 
8  ]  Q4b 


FUNCTION  TABLE 


Input! 

Outputs 

Clock 

Reset 

X 

H 

L 

H 

L 

No  Change 

L 

L 

No  Change 

L 

No  Change 

L 

Advance  to 

Next  State 
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MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

vcc 

u\j  ouppiy  vonage  ineierenceo  to  ui\uf 

u.D  to  +  /  .u 

vin 

ul,  mpui  vonage  (neierenceo  to  uinlji 

—  i  .0  to  vcc 

Vout 

DC  Output  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc +  0-5 

V 

l,n 

DC  Input  Current,  per  Pin 

±20 

mA 

'out 

DC  Output  Current,  per  Pin 

±25 

mA 

ice 

DC  Supply  Current,  Vqq  and  GND  Pins 

±50 

mA 

PD 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Package? 

750 
500 

mW 

Tsta 

Storage  Temperature 

-65  to  +150 

°C 

Tl 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package! 

(Ceramic  DIP) 

260 
300 

°C 

♦Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
tDerattng  -  Plastic  DIP:  -10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjn  and 
Vout  should  be  constrained  to  the 
range  GND^(Vin  or  Vout)<Vcc- 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  Vcc'-  Unused 
outputs  must  be  left  open. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

VCC 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

vcc 

V 

Ta 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

%  tf 

Input  Rise  and  Fall  Time                        Vcc  =  2.0V 
(Figure  1 1  VCc=4.5V 

VCC  =  6.0  V 

0 
0 
0 

1000 
500 
400 

ns 

DC  ELECTRICAL  CHARACTERISTICS  [Voltages  Referenced  to  GND) 


Symbol 

Parameter 

Test  Conditions 

Vcc 

V 

Guaranteed  Limit 

Unit 

2S°C  to 
-55°C 

s8S"C 

V|H 

Minimum  High-Level  Input 
Voltage 

Vout  =  0.1  Vor  Vcc-0.1  V 
|lout|<20,iA 

2.0 
4.5 
6.0 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

V 

VlL 

Maximum  Low-Level  Input 
Voltage 

Vout  =  0.1  Vor  Vcc-0.1  V 
|lout|s20„A 

2.0 
4.5 
6.0 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

V 

VOH 

Minimum  High-Level  Output 
Voltage 

Vin  =  V|H  or  V|L 
|lout|<20^ 

2.0 
4.5 
6.0 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

V 

Vin  =  V|H  °rV|L            |lolJt|  S4.0  mA 
I  Wis  5.2  mA 

4.5 
6.0 

3.98 
5.48 

3.84 
5.34 

3.70 
5.20 

vol 

Maximum  Low-Level  Output 
Voltage 

Vin  =  V|H  or  V,L 
|IOU,|S20^A 

2.0 
4.5 
6.0 

0.1 

0.1 
0.1 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

V 

Vin  =  V|H°rV|L  |lout|<4.0mA 
|lout|<5.2  mA 

4.5 
6.0 

0.26 
0.26 

0.33 
0.33 

0.40 
0.40 

■in 

Maximum  Input  Leakage  Current 

Vin  =  Vcc  °r  GND 

6.0 

±0.1 

±1.0 

±1.0 

eA 

ice 

Maximum  Quiescent  Supply 
Current  (per  Package) 

Vin  =  VCC  or  GND 
lout  =  °>A 

6.0 

8 

80 

160 

„A 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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AC  ELECTRICAL  CHARACTERISTICS  ICL  =  50  pF,  Input  tr  =  tf  =  6  ns) 


VCC 
V 

Guaranteed  Limit 

Symbol 

Parameter 

25°C  to 

<85°C 

<125°C 

Unit 

-55°C 

fmax 

Maximum  Clock  Frequency  (50%  Duty  Cycle) 

2.0 

5.4 

4.4 

3.6 

MHz 

(Figures  1  and  3) 

4.5 

27 

22 

18 

6.0 

32 

26 

21 

tPLH. 

Maximum  Propagation  Delay,  Clock  to  Q1 

2.0 

120 

150 

180 

ns 

'PHL 

(Figures  1  and  3) 

4.5 

24 

30 

36 

6.0 

20 

26 

31 

«PLH. 

Maximum  Propagation  Delay,  Clock  to  02 

2.0 

190 

240 

285 

ns 

'PHL 

(Figures  1  and  31 

4.5 

38 

48 

57 

6.0 

32 

41 

48 

*PLH. 

Maximum  Propagation  Delay,  Clock  to  03 

2.0 

240 

300 

360 

ns 

'PHL 

(Figures  1  and  31 

4.5 

48 

60 

72 

6.0 

41 

51 

61 

tPLH. 

Maximum  Propagation  Delay,  Clock  to  04 

2.0 

290 

365 

435 

ns 

•PHL 

(Figures  1  and  3) 

4.5 

58 

73 

87 

6.0 

49 

62 

74 

•PHL 

Maximum  Propagation  Delay,  Reset  to  any  0 

2.0 

165 

205 

250 

ns 

(Figures  2  and  3) 

4.5 

33 

41 

50 

6.0 

28 

35 

43 

»TLH. 

Maximum  Output  Transition  Time,  Any  Output 

2.0 

75 

95 

110 

ns 

*THL 

(Figures  1  and  3) 

4.5 

15 

19 

22 

6.0 

13 

16 

19 

Cin 

Maximum  Input  Capacitance 

10 

10 

10 

pF 

(MOTES: 

1.  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


CPD 

Power  Dissipation  Capacitance  (Per  Counter! 

Typical  @  25°  C,  Vcc  =  5.0  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 

PD  =  CpD  Vcc^f+ICC  Vcc 

40 

PF 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

TIMING  REQUIREMENTS  (Input  tr  =  tf  =  6  ns) 


vcc 

Guaranteed  Limit 

Symbol 

Parameter 

25°C  to 

s85°C 

<125°C 

Unit 

V 

-55°C 

lrec 

Minimum  Recovery  Time,  Reset  Inactive  to  Clock 

2.0 

50 

65 

75 

ns 

(Figure  2) 

4.5 

10 

13 

15 

6.0 

9 

11 

13 

«w 

Minimum  Pulse  Width,  Clock 

2.0 

80 

100 

120 

ns 

(Figure  1) 

4.5 

16 

20 

24 

6.0 

14 

17 

20 

<w 

Minimum  Pulse  Width,  Reset 

2.0 

125 

155 

190 

ns 

(Figure  2) 

4.5 

25 

31 

38 

6.0 

21 

26 

32 

tr.  tf 

Maximum  Input  Rise  and  Fall  Times 

2.0 

1000 

1000 

1000 

ns 

(Figure  1) 

4.5 

500 

500 

500 

6.0 

400 

400 

400 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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PIN  DESCRIPTIONS 


INPUTS 

CLOCK  (PINS  1,  13)  -  Clock  input.  The  internal  flip-flops 
are  toggled  and  the  counter  state  advances  on  high-to-low 
transitions  of  the  clock  input. 

CONTROL  INPUTS 
RESET  (PINS  2,  121  -  Active-high,  asynchronous  reset.  A 


separate  reset  is  provided  for  each  counter.  A  high  at  the  Reset 
input  prevents  counting  and  forces  all  four  outputs  low. 

OUTPUTS 

Q1,  02,  03,  Q4  (PINS  3,  4,  5,  6,  8,  9,  10,  11)  -  Parallel 
binary  outputs.  Q4  is  the  most  significant  bit. 


SWITCHING  WAVEFORMS 


FIGURE  1 


Clock 


->|   k*-tf      ->J  |<-tr 

 \   90%  ±  

V  50%  / 


Clock 


FIGURE2 


tPHL- 


^^50%  ^ 
N^50% 


  VCC 

  GND 


VCC 
GND 


FIGURE3  -  TESTCIRCUIT 


EXPANDED  LOGIC  DIAGRAM 


:cL* 


*  Includes  all  probe  and  jig  capacitance 


Clock- 


1,  13 


Reset- 


2,  12 


OC  Q 
qD  Q)> 

J, 


OC  Q 
■qD  Qfc> 

? 


o 


3,  11 


01 


OC  Q 
qD  Q\> 

7 


-C>C  Q 
-qD  Qp- 


■O 


5,9 


Q3 


Q4 


I 
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TIMING  DIAGRAM 


0     |     1     |     2    |     3    |     4    |     5    |     6    |     7    |    8    |     9    |    10    |    11    |    12    |    13    |    14    |    15    |     0  | 


COUNT  SEQUENCE 


Count 

Outputs 

Q4 

03 

02 

Q1 

0 

L 

L 

L 

L 

1 

L 

L 

L 

H 

2 

L 

L 

H 

L 

3 

L 

L 

H 

H 

4 

L 

H 

L 

L 

5 

L 

H 

L 

H 

6 

L 

H 

H 

L 

7 

L 

H 

H 

H 

8 

H 

L 

L 

L 

9 

H 

I 

L 

H 

10 

H 

L 

H 

L 

11 

H 

L 

H 

H 

12 

H 

H 

L 

L 

13 

H 

H 

L 

H 

14 

H 

H 

H 

L 

15 

H 

H 

H 

H 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL  DATA 


Octal  3-State  Inverting 
Transparent  Latch 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC533  is  identical  in  pinout  to  the  LS533.  The  device  inputs  are 
compatible  with  standard  CMOS  outputs;  with  pullup  resistors,  they  are  compatible 
with  LSTTL  outputs. 

These  latches  appear  transparent  to  date  (i.e.,  the  outputs  change  asynchron- 
ously! when  Latch  Enable  is  high.  The  data  appears  at  the  outputs  in  inverted  form. 
When  Latch  Enable  goes  low,  data  meeting  the  setup  and  hold  time  becomes 
latched. 

The  Output  Enable  input  does  not  affect  the  state  of  the  latches,  but  when  Out- 
put Enable  is  high,  all  device  outputs  are  forced  to  the  high-impedance  state.  Thus, 
data  may  be  latched  even  when  the  outputs  are  not  enabled. 

The  HC533  is  identical  in  function  to  the  HC563,  which  has  the  input  pins  on  the 
opposite  side  of  the  package  from  the  output  pins.  This  device  is  similar  in  function 
to  the  HC373,  which  has  noninverting  outputs. 

•  Output  Drive  Capability:  15  LSTTL  Loads 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1  ftA 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  256  FETs  or  64  Equivalent  Gates 


LOGIC  DIAGRAM 


LATCH  ENABLE 
OUTPUT  ENABLE 


PIN  20=  VCC 
PIN  10=  GND 


MC54/74HC533 


J  SUFFIX 
CERAMIC 
CASE  732 


N  SUFFIX 
PLASTIC 
CASE  738 


DW  SUFFIX 

SOIC 
CASE  7S1D 


ORDERING  INFORMATION 

MC74HCXXXN  Plastic 
MC54HCXXXJ  Ceramic 
MC74HCXXXDW  SOIC 


Ta=  -55°  to  125°C  for  all 
Dimensions  in  Chapter  7. 


PIN  ASSIGNMENT 

OUTPUT  ENABLE  [ 

1  • 

20 

]Vcc 

m>| 

2 

19 

]07 

ml 

3 

18 

]D7 

nl 

4 

17 

lee 

01  [ 

5 

16 

1 06 

02  [ 

6 

15 

Ins 

D2[ 

7 

14 

Ids 

D3[ 

8 

13 

lit* 

03  [ 

9 

12 

|04 

GND  ( 

10 

11 

Hatch  enable 

FUNCTION  TABLE 


Inputs 

Output 

Output 

Latch 

D 

Q 

Enable 

Enable 

L 

H 

H 

L 

L 

H 

L 

H 

L 

L 

X 

no 

change 

H 

X 

X 

Z 

X  =  don't  care 

2  =  high  impedance 
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MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

VCC 

DC  Supply  Voltage  (Referenced  to  GND) 

-0.5  to  +7.0 

V 

Vin 

DC  Input  Voltage  (Referenced  to  GND) 

-1.5  to  Vcc +  1-5 

V 

Vout 

DC  Output  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc +  0.5 

V 

■in 

DC  Input  Current,  per  Pin 

+  20 

mA 

'out 

DC  Output  Current,  per  Pin 

±35 

mA 

ice 

DC  Supply  Current,  Vcc  and  GND  Pins 

+  75 

mA 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tstg 

Storage  Temperature 

-65  to  +150 

°C 

tl 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°C 

♦Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  c 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
tDerating  -  Plastic  DIP:  -  10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW7°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

vcc 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

V.  <f 

Input  Rise  and  Fall  Time                            Vcc  =  2.0V 
(Figure  11                                              VCC  =  4.5V 

VCC  =6.0  V 

0 

0 
0 

1000 
500 
400 

ns 

This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjn  and 
Vout  should  be  constrained  to  the 
range  GND<{Vin  or  V0Ut)<VCC- 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
{e.g.,  either  GND  or  Vcc)-  Unused 
outputs  must  be  left  open. 



DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 


vcc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

Test  Conditions 

25°C  to 
-55°C 

s85"C 

<125°C 

Unit 

V|H 

Minimum  High-Level  Input 
Voltage 

Vout=0.1  VorVcc-0.1  V 
IIouiI^OmA 

2.0 
4.5 
6.0 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

V 

V|L 

Maximum  Low-Level  Input 
Voltage 

Vout  =  0.1  V  or  VCC -0.1  V 
|lout|  S20  ,iA 

2.0 
4.5 
6.0 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

V 

V0H 

Minimum  High-Level  Output 

Vin  =  V|H  °rV|L 

2.0 

1.9 

1.9 

1.9 

V 

Voltage 

|lout|<20^ 

4.5 
6.0 

4.4 
5.9 

4.4 
5.9 

4.4 
5.9 

Vln  =  V|H  orV|L  lloutl^e.OmA 
|lout|<7.8  mA 

4.5 

6.0 

3.98 
5.48 

3.84 
5.34 

3.70 
5.20 

vol 

Maximum  Low-Level  Output 
Voltage 

Vin  =  V|H  or  V|L 
|lout|<20|uA 

2.0 
4.5 
6.0 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

V 

Vin  =  V|HorV|L  lloutlse.OmA 
|lout|<7.8  mA 

4.5 
6.0 

0.26 
0.26 

0.33 
0.33 

0.40 
0.40 

'in 

Maximum  Input  Leakage  Current 

Vin  =  VcC°r  GND 

6.0 

±0.1 

±1.0 

±1.0 

loz 

Maximum  Three-State  Leakage 
Current 

Output  in  High-Impedance  State 
Vin  =  V,L  or  V|H 
Vout  =  VCC  °' GND 

6.0 

±0.5 

±5.0 

±10.0 

pA 

'cc 

Maximum  Quiescent  Supply 
Current  (per  Package) 

Vin  =  VCCorGND 
lout  =  0|iA 

6.0 

8 

80 

160 

(•A 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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vcc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

2S°C  to 

<85°C 

<125*C 

Unit 

-S5»C 

<PLH. 

Maximum  Propagation  Delay,  Input  D  to  Q 

2.0 

150 

190 

225 

ns 

<PHL 

(Figures  1  and  SI 

4.5 

30 

38 

45 

6.0 

26 

33 

38 

»PLH. 

Maximum  Propagation  Delay,  Latch  Enable  to  Q 

2.0 

175 

220 

265 

ns 

•PHL 

(Figures  2  and  51 

4.5 

35 

44 

53 

6.0 

30 

37 

45 

«PLZ. 

Maximum  Propagation  Delay,  Output  Enable  to  Q 

2.0 

150 

190 

225 

ns 

<PHZ 

(Figures  3  and  6) 

4.5 

30 

38 

45 

6.0 

26 

33 

38 

tPZb 

Maximum  Propagation  Delay,  Output  Enable  to  Q 

2.0 

150 

190 

225 

ns 

<PZH 

(Figures  3  and  6) 

4.5 

30 

38 

45 

6.0 

26 

33 

38 

«TLH. 

Maximum  Output  Transition  Time,  Any  Output 

2.0 

60 

75 

90 

ns 

<THL 

(Figures  1  and  5) 

4.5 

12 

15 

18 

6  0 

10 

13 

15 

Cin 

Maximum  Input  Capacitance 

10 

10 

10 

pF 

cout 

Maximum  Three-State  Output  Capacitance  (Output  in  High-Impedance 
State) 

15 

15 

15 

pF 

NOTES: 


1 .  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


CPD 

Power  Dissipation  Capacitance  (Per  Latch) 

Typical  @  25°C,  VCC  =  5  0  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 

PD  =  CpD  Vcc2'  +  !CC  VCC 

41 

pF 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

TIMING  REQUIREMENTS  (Input  tr  =  tf  =  6  ns) 


vCc 

Guaranteed  Limit 

Symbol 

Parameter 

25°C  to 

Unit 

V 

-55°C 

<85"C 

<125°C 

<su 

Minimum  Setup  Time,  Input  D  to  Latch  Enable 

2.0 

25 

30 

40 

ns 

(Figure  4) 

4.5 

6 

6 

8 

6.0 

5 

6 

7 

»h 

Minimum  Hold  Time,  Latch  Enable  to  Input  D 

2.0 

50 

65 

76 

ns 

(Figure  4) 

4.5 

10 

13 

15 

6.0 

9 

11 

13 

'w 

Minimum  Pulse  Width,  Latch  Enable 

2.0 

80 

100 

120 

ns 

(Figure  21 

4.5 

16 

20 

24 

6.0 

14 

17 

20 

tr.  tf 

Maximum  Input  Rise  and  Fall  Times 

2.0 

1000 

1000 

1000 

ns 

(Figure  1) 

4.5 

500 

500 

500 

6.0 

400 

400 

400 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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SWITCHING  WAVEFORMS 


INPUT  D  ^jfir''  "\ 

tPHL — *^       \<—  — » 


'THL- 


»CC 
GND 


LATCH  ENABLE 


"IPLH 


■%r  90%  -f  

S -50%  t 
\io%  f 

A   U—         — *J   U—  <TLH 


-'PLH  'PHL— »H 


GND 


50% 


Figure  1 


Figure  2 


OUTPUT 


ENABLE     VsO%  * 


■  IPZL  <PLZ" 


50% 


-'PZH        <PHZ " 


VCC 
GND 
HIGH 

impedance 

vol 


INPUT  D  *  50% 


50% 


90%  —  V0H 


LATCH  ENABLE 


HIGH 

IMPEDANCE 


Figure  3 


TEST  POINT 


Figure  4 


CONNECT  TO  VCC  WHEN 
TESTING  lpLZ  AND  lPZL. 
CONNECT  TO  GND  WHEN 
TESTING  tpHZ  AND  lPZH. 


*lncludes  all  probe  and  jig  capacitance. 
Figure  5.  Test  Circuit 


*lncludes  all  probe  and  jig  capacitance. 
Figure  6.  Test  Circuit 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL  DATA 


Octal  3-State  Inverting 
Transparent  Latch  with 
LSTTL-Compatible  Inputs 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HCT533  may  be  used  as  a  level  converter  for  interfacing  TTL  or 
NMOS  outputs  to  High-Speed  CMOS  inputs. 
The  HCT533  is  identical  in  pinout  to  the  LS533. 

When  Latch  Enable  is  high,  these  latches  appear  transparent  to  data  (i.e.,  the  out- 
puts change  asynchronously).  The  data  appears  at  the  outputs  in  inverted  form. 
When  Latch  Enable  is  taken  low,  data  meeting  the  set-up  and  hold  times  becomes 
latched. 

The  Output  Enable  does  not  affect  the  state  of  the  latch,  but  when  Output  Enable 
is  high,  all  outputs  are  forced  to  the  high-impedance  state.  Thus,  data  may  be 
latched  even  when  the  outputs  are  not  enabled. 

The  HCT533  is  identical  in  function  to  the  HCT563,  which  has  the  input  pins  on  the 
opposite  side  of  the  package  from  the  output  pins.  This  device  is  similar  in  function 
to  the  HCT373,  which  has  noninverting  outputs. 

•  Output  Drive  Capability:  15  LSTTL  Loads 

•  TTL/NMOS-Compatible  Input  Levels 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  4.5  to  5.5  V 

•  Low  Input  Current:  1  /iA 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  256  FETs  or  64  Equivalent  Gates 


LOGIC  DIAGRAM 


LATCH  ENABLE 
OUTPUT  ENABLE 


PIN  20  =  VCC 
PIN  10  =  GND 


MC54/74HCT533 


J  SUFFIX 
CERAMIC 
CASE  732 


N  SUFFIX 
PLASTIC 
CASE  738 


DW  SUFFIX 

SOIC 
CASE  751D 


ORDERING  INFORMATION 

MC74HCTXXXN  Plastic 
MC54HCTXXXJ  Ceramic 
M  C74H  CTXXX  DW  SOIC 

TA=  -  55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 


PIN  ASSIGNMENT 


OUTPUT j- — 
ENABLE t  '  • 

Q0[  2 

00  [  3 
D1[  4 

01  [  5 

02  [  6 

02  [  7 

03  [  8 
03  [  9 

GND(  10 


ivcc 

107 
]D7 
]D6 

16  ]Q6 
15[]05 
14 
13 
12 
11 


]D5 
]D4 

]04 

iLATCH 
^ENABLE 


FUNCTION  TABLE 


Inputs 

Output 

Output 
Enable 

Latch 
Enable 

D 

Q 

L 
L 

L 

H 

H 
H 

L 
X 

H 
L 

X 
X 

L 

H 
No 
Change 

Z 

X  =  don't  care 

Z  =  high  impedance 
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MC54/74HCT533 


MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

-0.5  to  +7.0 

V 

Vin 

DC  Input  Voltage  (Referenced  to  GND) 

-1.5  to  Vcc  +  1-5 

V 

Vout 

DC  Output  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc +  0.5 

V 

Iin 

DC  Input  Current,  per  Pin 

±20 

mA 

lout 

DC  Output  Current,  per  Pin 

±35 

mA 

ice 

DC  Supply  Current,  Vcc  and  GND  pins 

±75 

mA 

PD 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  Dipt 
SOIC  Packaget 

750 
500 

mW 

T5tq 

Storage  Temperature 

-65  to  +150 

°C 

TL 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°C 

♦Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
tDerating  -  Plastic  DIP:  -  10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -  10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjnand 
V0ut  should  be  constrained  to  the 
range  GND  <  |Vjn  or  V0Ut><Vcc- 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  Vqc).  Unused 
outputs  must  be  left  open. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

4.5 

5.5 

V 

Vin-Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

vcc 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

tr.  tf 

Input  Rise  and  Fall  Time  (Figure  1) 

0 

500 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 


Symbol 

Parameter 

Test  Conditions 

vCc 

V 

Guaranteed  Limit 

Unit 

25°C  to 

-ss-'c 

<85°C 

<125°C 

V|H 

Minimum  High-Level  Input 
Voltage 

Vout  =  0.1  Vor  Vcc-0.1  V 
|lout|<20MA 

4.5 
5.5 

2.0 
2.0 

2.0 
2.0 

2.0 
2.0 

V 

V|L 

Maximum  Low-Level  Input 
Voltage 

Vout  =  0.1  Vor  Vcc-0.1  V 
|loutN20«A 

4.5 
5.5 

0.8 

0.8 

0.8 
0.8 

0.8 
0.8 

V 

VOH 

Minimum  High-Level  Output 
Voltage 

Vin  =  V|H  or  V|L 
|lout|s20^A 

4.5 
5.5 

4.4 
5.4 

4.4 
5.4 

4.4 
5.4 

V 

Vin  =  V|H  or  V,L 
llout[  5=6.0  mA 

4.5 

3.98 

3.84 

3.70 

vol 

Maximum  Low-Level  Output 
Voltage 

Vin  =  v|H  or  V|L 
|lOL,t|<20/,A 

4.5 
5.5 

0.1 
0.1 

0.1 
0.1 

0.1 
0.1 

V 

vin  =  V|H  or  V|t 
|lout|s6.0mA 

4.5 

0.26 

0.33 

0.40 

Iin 

Maximum  Input  Leakage  Current 

Vin  =  VCC  or  GND 

5.5 

±0.1 

±1.0 

±1.0 

MA 

lOZ 

Maximum  Three-State  Leakage 
Current 

Output  in  High-Impedance  State 
Vin  =  V,L  or  V|H 
Vout  =  VCC  °'  GND 

5.5 

±0.5 

±5.0 

±10.0 

hA 

!CC 

Maximum  Quiescent  Supply 
Current  (per  Package) 

Vin  =  VcC  or  GND 
lout  =  0^A 

5.5 

8 

80 

160 

AlCC 

Additional  Quiescent  Supply 

Vjn  =  2.4  V,  Any  One  input 

2  -5S°C 

2S°C  to  125"C 

Current 

vin  =  vcc  or  GND,  Other  Inputs 

l0ut  =  °>A 

5.5 

2.9 

2.4 

mA 

NOTES: 


1.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 

2.  Total  Supply  Current  =  Ice +  2Alce- 
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MC54/74HCT533 

AC  ELECTRICAL  CHARACTERISTICS  (VCC  =  5.0V  ±10%,  CL  =  50pF,  Input  tr  =  tf  =  6  ns) 


Symbol 

Parameter 

Guaranteed  Limit 

Unit 

2S°C  to 

-ss'c 

s8S°C 

5125-C 

'PLH. 
'PHL 

Maximum  Propagation  Delay,  Input  D  to  Q 
(Figures  1  and  5) 

35 

53 

ns 

'PLH. 
'PHL 

Maximum  Propagation  Delay,  Latch  Enable  to  Q 
(Figures  2  and  5) 

35 

44 

53 

ns 

tPLZ. 
'PHZ 

Maximum  Propagation  Delay,  Output  Enable  to  Q 
(Figures  3  and  6} 

35 

44 

53 

ns 

<PZL. 
•PZH 

Maximum  Propagation  Delay,  Output  Enable  to  Q 
(Figures  3  and  6) 

35 

44 

53 

ns 

TLH. 
tTHL 

Maximum  Output  Transition  Time,  Any  Output 
(Figures  1  and  5) 

12 

15 

18 

ns 

Qn 

Maximum  Input  Capacitance 

10 

10 

10 

pF 

cout 

Maximum  Three-State  Output  Capacitance  (Output  in  High-Impedance  Statel 

15 

15 

15 

pF 

NOTES: 

1.  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 

CPD 

Power  Dissipation  Capacitance  (Per  Latch) 

Used  to  determine  the  no-load  dynamic  power  consumption: 

Pd  =  Cpd  Vcc^+ICC  Vcc 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

Typical  @  25°C,  VCc  =  SO  V 

pF 

65 

TIMING  REQUIREMENTS  (VCC  =  5.0V  ±10%.  Input  tr  =  tf  =  6  ns) 

Symbol 

Parameter 

Guaranteed  Limit 

Unit 

25°C  to 
-55°C 

<85°C 

s125°C 

tsu 

Minimum  Setup  Time,  Input  D  to  Latch  Enable 
(Figure  4) 

20 

25 

30 

ns 

'h 

Minimum  Hold  Time,  Latch  Enable  to  Input  D 
(Figure  41 

5 

6 

8 

ns 

tw 

Minimum  Pulse  Width,  Latch  Enable 
(Figure  21 

16 

20 

24 

ns 

tr-  tf 

Maximum  Input  Rise  and  Fall  Times 
(Figure  1) 

500 

500 

500 

ns 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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SWITCHING  WAVEFORMS 
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UNDER 
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TEST  POINT 
O 


'Includes  all  probe  and  jig  capacitance. 
Figure  5.  Test  Circuit 


CONNECT  TO  VCC  WHEN 
TESTING  tPLZ  AND  tPZL. 
CONNECT  TO  GND  WHEN 
TESTING  tpm  AND  tPZH. 


•Includes  all  probe  and  jig  capacitance 
Figure  6.  Test  Circuit 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL  DATA 


Octal  3-State  Inverting 
D  Flip-Flop 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC534  is  identical  in  pinout  to  the  LS534.  The  device  inputs  are 
compatible  with  standard  CMOS  outputs;  with  pullup  resistors,  they  are  compatible 
with  LSTTL  outputs. 

Data  meeting  the  setup  time  is  clocked,  in  inverted  form,  to  the  outputs  with  the 
rising  edge  of  the  Clock.  The  Output  Enable  input  does  not  affect  the  states  of  the 
flip-flops,  but  when  Output  Enable  is  high,  the  outputs  are  forced  to  the  high- 
impedance  state.  Thus,  data  may  be  stored  even  when  the  outputs  are  not  enabled. 

The  HC534  is  identical  in  function  to  the  HC564,  which  has  the  input  pins  on  the 
opposite  side  of  the  package  from  the  output  pins.  The  device  is  similar  in  function 
to  the  HC374,  which  has  noninverting  outputs. 

•  Output  Drive  Capability:  15  LSTTL  Loads 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1  /iA 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  282  FETs  or  68.5  Equivalent  Gates 


MC54/74HC534 


J  SUFFIX 
CERAMIC 
CASE  732 


N  SUFFIX 
PLASTIC 
CASE  738 


DW  SUFFIX 

SOIC 
CASE  7S1D 


ORDERING  INFORMATION 

MC74HCXXXN  Plastic 
MC54HCXXXJ  Ceramic 
MC74HCXXXDW  SOIC 

TA=  -55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 
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OUTPUT  ENABLE 
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PIN  10  =  GND 
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FUNCTION  TABLE 

Inputs 

Output 

Output 
Enable 

Clock 

D 

Q 

L 
L 

L 

H 

X 

H 

L 

X 
X 

L 
H 
No 
Change 
Z 

X  =  don't  care 

Z  =  high  impedance 
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MC54/74HC534 


MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vrr 
VCC 

DC  Supply  Voltage  (Referenced  to  GND) 

-  0.5  to  +7.0 

V 

v  in 

DC  Input  Voltage  (Referenced  to  GND) 

-  1.5  to  Vcc +  1-5 

V 

Vout 

DC  Output  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc  +  0.5 

V 

'in 

DC  Input  Current,  per  Pin 

±20 

mA 

'out 

DC  Output  Current,  per  Pin 

±35 

mA 

!CC 

DC  Supply  Current,  Vcc  and  GND  Pins 

+  75 

mA 

PO 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tstq 

Storage  Temperature 

-65  to  +150 

°C 

TL 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°C 

*  Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
tDerating  -  Plastic  DIP:  -10  mW/°C  from  65"  to  125°C 

Ceramic  DIP:  -  10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

VCC 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

vcc 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

Input  Rise  and  Fall  Time                          Vcc  =2.0  v 
(Figure  1)  VCC=4.5V 

Vcc  =  6.0  v 

0 

0 
0 

1000 
500 
400 

ns 

This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high -impedance 
circuit.  For  proper  operation,  Vjn  and 
Vout  should  be  constrained  to  the 
range  GND<(Vin  or  Vout)<Vcc- 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  Vcc'-  Unused 
outputs  must  be  left  open. 


DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 


vcc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

Test  Conditions 

25°C  to 
-56°C 

<85°C 

<125°C 

Unit 

V|H 

Minimum  High-Level  Input 
Voltage 

Vout  =  0.1  VorVcc-0.1  V 
Hotit|s20fA 

2.0 
4.5 

6.0 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

V 

VlL 

Maximum  Low- Level  Input 
Voltage 

Vout  =  0.1  V  or  Vcc-0.1  V 
I'outl  -20  iiA 

2.0 
4.5 
6.0 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

V 

VOH 

Minimum  High-Level  Output 
Voltage 

Vin  =  V|H  or  V|L 
|lout|<20eA 

2.0 
4.5 
6.0 

1.9 
4.4 

5.9 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

V 

Vir,  =  V|HorV|L  |lout|s6.0mA 
|lout|<7.8  mA 

4.5 
6.0 

3.98 
5.48 

3.84 
5.34 

3.70 
5.20 

vol 

Maximum  Low-Level  Output 
Voltage 

Vin  =  V|H  or  V|L 
|lout|<20,iA 

2.0 
4.5 
6.0 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

V 

Vin  =  V|HorV|L  |lout|s6.0mA 
|lou,|<7.8  mA 

4.5 
6.0 

0.26 
0.26 

0.33 
0.33 

0.40 
0.40 

im 

Maximum  Input  Leakage  Current 

Vin  =  Vcc  or  GND 

6.0 

±0.1 

±1.0 

±1.0 

(iA 

ioz 

Maximum  Three-State  Leakage 
Current 

Output  in  High-Impedance  State 
Vin  =  V|L  or  V|H 
Vout  =  Vcc  or  GND 

6.0 

±0.5 

±5.0 

±10.0 

«A 

ice 

Maximum  Quiescent  Supply 
Current  (per  Package) 

Vin  =  VcC  or  GND 
lout  =  °fA 

6.0 

8 

80 

160 

(•A 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 


MOTOROLA  HIGH-SPEED  CMOS  LOGIC  DATA 

5-367 


vCc 

Guaranteed  Limit 

Symbol 

Parameter 

25  °C  to 

Unit 

V 

<85°C 

<125°C 

—  55°  C 

'max 

Maximum  Clock  rrecjuency  l!x)7fa  uuty  Uycls) 

2.0 

6.0 

4.8 

4.0 

MHz 

(Figures  1  and  4) 

4.5 

30 

24 

20 

6.0 

JO 

28 

24 

tPLH« 

Maximum  Propagation  Delay,  dock  to  U 

2.0 

180 

225 

270 

tpm_ 

(Figures  1  and  4) 

4.5 

36 

45 

54 

6.0 

o  I 

Jo 

AC 

*K) 

tpi_z. 

Maximum  Propagation  Delay,  Output  Enable  to  Q 

2  0 

150 

130 

225 

tpHZ 

(Figures  2  and  5) 

4.5 

30 

38 

45 

6.0 

38 

tPZL' 

Maximum  Propagation  Delay,  Output  Enable  to  Q 

2  0 



150 



190 

225 

ns 

tpzH 

(Figures  2  and  5) 

4.5 

30 

38 

45 

6.0 

26 

33 

38 

tTLH- 

.                         .  . 
Maximum  Output  Transition  Time,  Any  Output 

z.u 

60 

75 

90 

ns 

tTHL 

(Figures  1  and  4) 

4.5 

12 

15 

18 

6.0 

10 

13 

15 

Cin 

Maximum  Input  Capacitance 

_ 

10 

10 

10 

pF 

cout 

Maximum  Three-State  Output  Capacitance  (Output  in  High-Impedance 

15 

15 

15 

pF 

State) 

NOTES: 


1 .  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


CPD 

Power  Dissipation  Capacitance  (Per  Flip-Flop) 

Typical  @  25°C.  Vcc=5.0  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 

Pp  =  CpD  Vcc^+ICC  VCC 

40 

pF 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

TIMING  REQUIREMENTS  llnput  t,  =  tf  =  6  ns) 


VCC 

Guaranteed  Limit 

Symbol 

Parameter 

25-C  to 

Unit 

V 

-55"C 

<8S°C 

<125°C 

*su 

Minimum  Setup  Time,  Data  to  Clock 

2.0 

100 

125 

150 

ns 

(Figure  3) 

4.5 

20 

25 

30 

6.0 

17 

21 

26 

th 

Minimum  Hold  Time,  Clock  to  Data 

2.0 

25 

30 

40 

ns 

(Figure  3) 

4.5 

5 

6 

8 

6.0 

5 

6 

7 

tw 

Minimum  Pulse  Width,  Clock 

2.0 

80 

100 

120 

ns 

(Figure  1) 

4.5 

16 

20 

24 

6.0 

14 

17 

20 

tr.  «f 

Maximum  Input  Rise  and  Fall  Times 

2.0 

1000 

1000 

1000 

ns 

(Figure  1) 

4.5 

500 

500 

500 

6.0 

400 

400 

400 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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C10CK     Am  \ 


MC54/74HC534 

SWITCHING  WAVEFORMS 


 '"mai  

-'PLH  'PHI " 


GND 


"'TLH  'THL- 
Figure  1 


90%  JF  

—*\    U— 'TLH  >THl— *-l  U~ 


OUTPUT 
ENABLE 


^50% 


vcc 


tPZL  <PLZ- 


-'PZH  'PHZ- 


50% 


HIGH 

IMPEDANCE 


io%  _  «0L 


90%  —  VOH 


HIGH 

IMPEDANCE 


Figure  2 


DATA 


CLOCK 


TEST  POINT 


Figure  3 


•includes  all  probe  and  jig  capacitance. 
Figure  4.  Test  Circuit 


CONNECT  TO  VrjC  m™ 
TESTING  tpLz  AND  tp2[. 
CONNECT  TO  GND  WHEN 
TESTING  IpHZ  AND  tPZH. 


•Includes  all  probe  and  jig  capacitance. 
Figure  5.  Test  Circuit 

EXPANDED  LOGIC  DIAGRAM 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL  DATA 


MC54/74HCT534 


Octal  3-State  Inverting  D  Flip- 
Flop  with  LSTTL-Compatible 
Inputs 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HCT534  may  be  used  as  a  level  converter  for  interfacing  TTL  or 
NMOS  outputs  to  High-Speed  CMOS  inputs. 
The  HCT534  is  identical  in  pinout  to  the  LS534. 

Data  meeting  the  setup  and  hold  time  is  clocked,  in  inverted  form,  to  the  outputs 
with  the  rising  edge  of  Clock.  The  Output  Enable  does  not  affect  the  state  of  the 
flip-flops,  but  when  Output  Enable  is  high,  the  outputs  are  forced  to  the  high- 
impedance  state.  Thus,  data  may  be  stored  even  when  the  outputs  are  not  enabled. 

The  HCT534  is  identical  in  function  to  the  HCT564,  which  has  the  input  pins  on 
the  opposite  side  of  the  package  from  the  output  pins.  This  device  is  similar  in  func- 
tion to  the  HCT374,  which  has  noninverting  outputs. 

•  Output  Drive  Capability:  15  LSTTL  Loads 

•  TTL/NMOS-Compatible  Input  Levels 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  4.5  to  5.5  V 

•  Low  Input  Current:  1  jiA 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7  A 

•  Chip  Complexity:  229  FETs  or  57  Equivalent  Gates 


J  SUFFIX 
CERAMIC 
CASE  732 


N  SUFFIX 
PLASTIC 
CASE  738 


DW  SUFFIX 

SOIC 
CASE  7S1D 


ORDERING  INFORMATION 

MC74HCTXXXN  Plastic 
MCS4HCTXXXJ  Ceramic 
MC74HCTXXXDW  SOIC 

T^=  -55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 


LOGIC  DIAGRAM 


PIN  ASSIGNMENT 


11  ]CL0CK 


OUTPUT  ENABLE 


PIN  20  =  VCC 
PIN  10  =  GND 


FUNCTION  TABLE 


Inputs 

Output 

Output 
Enable 

Clock 

D 

Q 

L 

H 

L 

L 

L 

H 

L 
H 

L.H,  "V- 
X 

X 
X 

no 
change 
Z 

X  =  don't  care 

Z  =  high  impedance 
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MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

VCC 

DC  Supply  Voltage  (Referenced  to  GND) 

-0.5  to  +7.0 

V 

Vin 

DC  Input  Voltage  (Referenced  to  GND) 

-1.5  to  Vcc+1-5 

V 

Vout 

DC  Output  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc +  0.5 

V 

■in 

DC  Input  Current,  per  Pin 

±20 

mA 

'out 

DC  Output  Current,  per  Pin 

+  35 

mA 

ice 

DC  Supply  Current,  Vcc  and  GND  Pins 

±75 

mA 

pd 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPT 
SOIC  Packaget 

750 
500 

mW 

Tstg 

Storage  Temperature 

-65  to  +150 

°C 

Tl 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°C 

*  Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
tDerating  -  Plastic  DIP:  -10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjn  and 
Vout  should  be  constrained  to  the 
range  GND<{Vjn  or  V0Ut.<VCC. 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  Vcc>-  Unused 
outputs  must  be  left  open. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

4.5 

5.5 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

vcc 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°C 

tr.  tf 

Input  Rise  and  Fall  Time  (Figure  1) 

0 

500 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 




vcc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

Test  Conditions 

25°C  to 
-56°C 

<85°C 

s125°C 

Unit 

V|H 

Minimum  High-Level  Input 
Voltage 

Vou,  =  0.1  Vor  VCc -0.1  V 

4.5 
5.5 

2.0 
2.0 

2.0 
2.0 

2.0 
2.0 

V 

V|L 

Maximum  Low-Level  Input 
Voltage 

Vout  =  0.1  Vor  Vcc-0.1  V 
|lom|<20/JA 

4.5 
5.5 

0.8 
0.8 

0.8 
0.8 

0.8 
0.8 

V 

VOH 

Minimum  High-Level  Output 
Voltage 

Vin  =  V|H  or  V,L 
|lout|  £20  mA 

4.5 

5.5 

4.4 
5.4 

4.4 
5.4 

4.4 
5.4 

V 

Vin  =  V|H  or  V|L 
|lout|<6.0  mA 

4.5 

3.98 

3.84 

3.70 

vol 

Maximum  Low-Level  Output 
Voltage 

Vin  =  V|H  or  V|L 
|lout[s20/1A 

4.5 

5.5 

0.1 
0.1 

0.1 
0.1 

0.1 
0.1 

V 

Vin  =  V|H  or  V,L 
|lout|s6.0  mA 

4.5 

0.26 

0.33 

0.40 

lin 

Maximum  Input  Leakage  Current 

Vin  =  VCC  or  GND 

5.5 

±0.1 

±1.0 

±1.0 

pA 

ioz 

Maximum  Three-State  Leakage 
Current 

Output  in  High-Impedance  State 
Vin  =  V|L  or  V|H 
Vout  =  VCC  or  GND 

5.5 

±0.5 

±5.0 

±10.0 

«A 

'cc 

Maximum  Quiescent  Supply 
Current  (per  Package) 

Vin  =  VCC  or  GND 
lout  =  0/.A 

B.5 

8 

80 

160 

AICC 

Additional  Quiescent  Supply 

Vjn  =  2.4  V,  Any  One  Input 

a  -55°C 

2S°C  to  12S°C 

Current 

V|n  =  Vcc  or  GND,  Other  Inputs 

•out  =  0 

5.5 

2.9 

2.4 

mA 

NOTES: 

1.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 

2.  Total  Supply  Current  =  \qq  +  EAIco 
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AC  ELECTRICAL  CHARACTERISTICS  (Vcc  =  5.0  V  ±10%,  CL  =  50pF,  Input  tr  =  tf  =  6ns) 


Symbol 

Parameter 

Guaranteed  Limit 

Unit 

25°C  to 
-55°C 

<  85°C 

<125°C 

fmax 

Maximum  Clock  Frequency  (50%  Duty  Cycle) 
(Figures  1  and  4) 

ZD 

J  1 

Jo 

MHz 

tpLH- 
*PHL 

Maximum  Propagation  Delay,  Clock  to  Q 
(Figures  1  and  4) 

35 

44 

53 

ns 

tpLZ- 
lPHZ 

Maximum  Propagation  Delay,  Output  Enable  to  Q 
(Figures  2  and  5) 

35 

44 

53 

ns 

tpzu 

tPZH 

Maximum  Propagation  Delay,  Output  Enable  to  Q 
(Figures  2  and  5) 

35 

44 

53 

ns 

tTLH- 
tTHL 

Maximum  Output  Transition  Time,  Any  Output 
(Figures  1  and  4) 

12 

15 

18 

ns 

Cin 

Maximum  input  Capacitance 

10 

10 

10 

pF 

cout 

Maximum  Three-State  Output  Capacitance  (Output  in  High-Impedance  State) 

15 

15 

15 

pF 

NOTES: 


1.  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


Cpo 

Power  Dissipation  Capacitance  (Per  Flip-Flopl 

Typical  @  25"C.  VCC  =  5  0  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 

PD  =  CpD  Vcc^+lcC  Vcc 

65 

pF 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

TIMING  REQUIREMENTS  (VCc  =  5.0V  ±10%,  Input  tr  =  t(  =  6  nsl 


Guaranteed  Limit 

Symbol 

Parameter 

2S°Cto 
-55°C 

<85»C 

<125«C 

Unit 

tSu 

Minimum  Setup  Time,  Data  to  Clock 
(Figure  3) 

10 

13 

15 

ns 

»h 

Minimum  Hold  Time,  Clock  to  Data 
(Figure  3) 

5 

5 

5 

ns 

<w 

Minimum  Pulse  Width,  Clock 
(Figure  11 

16 

20 

24 

ns 

tr.  tf 

Maximum  Input  Rise  and  Fall  Times 
(Figure  11 

500 

500 

500 

ns 

NOTE:  Infoi 

mation  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  pa£ 

e4-2. 
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SWITCHING  WAVEFORMS 
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Figure  3 
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T 

*lncludes  all  probe  and  jig  capacitance. 
Figure  4.  Test  Circuit 


CONNECT  TO  Vrjc  WHEN 
TESTING  tpLz  AND  tpzL 
CONNECT  TO  GND  WHEN 
,  TESTING  tpHZ  AND  IPZH 


*  Includes  all  probe  and  jig  capacitance. 
Figure  5.  Test  Circuit 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL  DATA 


Octal  3-State  Inverting  Buffer/ 
Line  Driver/Line  Receiver 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC540  is  identical  in  pinout  to  the  LS540.  The  device  inputs  are 
compatible  with  standard  CMOS  outputs.  External  pullup  resistors  make  them  com- 
patible with  LSTTL  outputs. 

The  HC540  is  an  octal  inverting  buffer/line  driver/line  receiver  designed  to  be 
used  with  3-state  memory  address  drivers,  clock  drivers,  and  other  bus-oriented  sys- 
tems. This  device  features  inputs  and  outputs  on  opposite  sides  of  the  package  and 
two  ANDed  active-low  output  enables. 

The  HC540  is  similar  in  function  to  the  HC541,  which  has  noninverting  outputs. 

•  Output  Drive  Capability:  15  LSTTL  Loads 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  124  FETs  or  31  Equivalent  Gates 


LOGIC  DIAGRAM 
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MC54/74HC540 


J  SUFFIX 
CERAMIC 
CASE  732 


N  SUFFIX 
PLASTIC 
CASE  738 


DW  SUFFIX 

SOIC 
CASE  751 D 


ORDERING  INFORMATION 

MC74HCXXXN  Plastic 
MC54HCXXXJ  Ceramic 
MC74HCXXXDW  SOIC 

Ta=  -55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 


PIN  ASSIGNMENTS 

0E1  C 

1  • 

20 

i 

vcc 

A1  C 

2 

19 

3 

0E2 

A2  [ 

3 

18 

] 

Y1 

A3  C 

4 

17 

3 

Y2 

A4  C 

5 

16 

3 

Y3 

A5  [ 

6 

15 

] 

Y4 

A6  C 

7 

14 

3 

Y5 
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8 

13 

3 

Y6 
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9 

12 

3 

Y7 
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10 

11 

3 

Y8 

FUNCTION  TABLE 


Inputs 

Output 

OE1 

OE2 

A 

Y 

L 

L 

L 

H 

L 

L 

H 

L 

H 

X 

X 

Z 

X 

H 

X 

2 

Z=  high  impedance 
X  =  don't  care 


MOTOROLA  HIGH-SPEED  CMOS  LOGIC  DATA 

5-374 


MC54/74HC540 


MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

—  0.5  to  +7.0 

V 

Vin 

DC  Input  Voltage  (Referenced  to  uNu) 

—  1 .0  tO  VCC      '  ■'3 

V 

Vout 

DC  Output  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc +  0.5 

V 

'in 

DC  Input  Current,  per  Pin 

±20 

mA 

'out 

DC  Output  Current,  per  Pin 

±35 

mA 

'CC 

DC  Supply  Current,  Vcc  and  GND  pins 

±75 

mA 

PD 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tstq 

Storage  Temperature 

65lo  +150 

°c 

TL 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°c 

♦Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
TDerating  -  Plastic  DIP:  -  10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

vcc 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

tr.  tf 

Input  Rise  and  Fall  Time                          Vcc  =2.0  v 
(Figure  11  VCc=4.5V 

VCC  =  6.0  V 

0 
0 
0 

1000 
500 
400 

ns 

This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjnand 
V0ut  should  be  constrained  to  the 
range  GND<(Vin  or  Vout)<Vcc- 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  Vrjc'-  Unused 
outputs  must  be  left  open. 


DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 


vcc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

Test  Conditions 

25°C  to 
-55°C 

s85°C 

<125°C 

Unit 

V|H 

Minimum  High-Level  Input 
Voltage 

V0ut  =  0.1  V 
Houtl^O^A 

2.0 
4.5 
6.0 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

V 

V|L 

Maximum  Low-Level  Input 
Voltage 

Vout  =  VCC"  0.1  V 
|lout|<20,iA 

2.0 
4.5 
6.0 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

V 

VOH 

Minimum  High-Level  Output 
Voltage 

Vin  =  V|L 
|lout|s20^A 

2.0 
4.5 
6.0 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

1.9 
4.4 

5.9 

V 

Vin  =  V|L  |lout|<6.0mA 
|lout|<7.8  mA 

4.5 

6.0 

3.98 
5.48 

3.84 
5.34 

3.70 
5.20 

vol 

Maximum  Low-Level  Output 
Voltage 

Vin  =  V|H 
lloutl^O^A 

2.0 
4.5 
6.0 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

V 

Vin  =  V|H  |lout|s6.0mA 
|lout|<7.8  mA 

4.5 
6.0 

0.26 
0.26 

0.33 
0.33 

0.40 
0.40 

'in 

Maximum  Input  Leakage  Current 

Vin  =  VCC  °<  GND 

6.0 

±0.1 

±1.0 

±1.0 

„A 

lOZ 

Maximum  Three-State  Leakage 
Current 

Output  in  High-Impedance  State 
Vin  =  V|LorV|H 
Vout  =  VcC  or  GND 

6.0 

±0.5 

±5.0 

±10.0 

MA 

ice 

Maximum  Quiescent  Supply 
Current  (per  Packagel 

Vin  =  Vcc  or  GND 
lout  =  0/iA 

6.0 

8 

80 

160 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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AC  ELECTRICAL  CHARACTERISTICS  (CL  =  50pF,  Input  tr  =  tf  =  6  ns) 


vCc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

25°C  to 

<85»C 

5=12S0C 

Unit 

-S6»C 

tpLH' 

Maximum  Propagation  Delay,  Input  A  to  Output  Y 

2.0 

125 

155 

190 

ns 

*PHL 

4.5 

25 

31 

38 

6.0 

21 

26 

32 

tpLZ- 

Maximum  Propagation  Delay,  Output  Enable  to  Output  Y 

2.0 

175 

220 

265 

ns 

*PHZ 

(Figures  2  and  4) 

4.5 

35 

44 

53 

6.0 

30 

37 

45 

2.0 

175 

220 

265 

ns 

tPZH 

(Figures  2  and  4) 

4.5 

35 

44 

53 

6.0 

30 

37 

45 

tTLH. 

Maximum  Output  Transition  Time,  Any  Output 

2.0 

60 

75 

90 

ns 

tTHL 

(Figures  1  and  31 

4.5 

12 

15 

18 

6.0 

10 

13 

15 

Cin 

Maximum  Input  Capacitance 

10 

10 

10 

pF 

Cout 

Maximum  Three-State  Output  Capacitance  (Output  in  High-Impedance 

15 

15 

15 

pF 

State) 

NOTES: 

1 .  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


CPD 

Power  Dissipation  Capacitance  (Per  Buffer) 

Typical  @  25°C,  VCC=5°  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 
PD  =  CpD  VcC2'  +  ice  VCC 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

35 

pF 

SWITCHING  WAVEFORMS 


Figure  1  Figure  2 


TEST  POINT 


'Includes  all  probe  and  jig  capacitance. 
Figure  3.  Test  Circuit 


DEVICE 

i 

OUTPUT 

1  Ml 

UN0ER 

TEST 

CONNECT  TO  VCC  WHEN 
TESTING  tpLZ  AND  tPZL. 
CONNECT  TO  GND  WHEN 
,  TESTING  tpHZ  AN0  tPZH- 


*  Includes  all  probe  and  jig  capacitance. 
Figure  4.  Test  Circuit 
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PIN  DESCRIPTIONS 


INPUTS 

A1,  A2.  A3.  A4.  A5.  A6.  A7.  A8  (PINS  2.  3.  4.  5.  6.  7.  8. 
91  —  Data  input  pins.  Data  on  these  pins  appear  in  inverted 
form  on  the  corresponding  Y  outputs,  when  the  outputs  are 


CONTROLS 

OE1,  OE2  (PINS  t,  191  -  Output  enables  (active-low). 
When  a  low  voltage  is  applied  to  both  of  these  pins,  the  outputs 


are  enabled  and  the  device  functions  as  an  inverter.  When  a 
high  voltage  is  applied  to  either  input,  the  outputs  assume  the 
high  impedance  state. 

OUTPUTS 

Y1,  Y2,  Y3,  Y4,  Y5,  Y6,  Y7,  Y8  (PINS  18,  17,  16,  15,  14, 

13,  12,  11)  —  Device  outputs.  Depending  upon  the  state  of 
the  output  enable  pins,  these  outputs  are  either  inverting  out- 
puts or  high-impedance  outputs. 


LOGIC  DETAIL 


TO  SEVEN  OTHER 


r 


ONE  OF  EIGHT 
INVERTERS 


INPUT 
A 


iK> — i 


L_ 


vcc 


J 


3 


OUTPUT 
Y 


_l 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL  DATA 


Octal  3-State  Inverting  Buffer/ 
Line  Driver/Line  Receiver  with 
LSTTL-Compatible  Inputs 

High-Performance  Silicon-Gate  CMOS 


The  MC54/74HCT540  is  identical  in  pinout  to  the  LS540.  This  device  may  be  used 
as  a  level  converter  for  interfacing  TTL  or  NMOS  to  High-Speed  CMOS  inputs. 

The  HCT540  is  an  octal  inverting  buffer/line  driver/line  receiver  designed  to  be 
used  with  3-state  memory  address  drivers,  clock  drivers,  and  other  bus-oriented 
systems.  This  device  features  inputs  and  outputs  on  opposite  sides  of  the  package 
and  two  ANDed  active-low  output  enables. 

The  HCT540  is  similar  in  function  to  the  HCT541,  which  has  noninverting  outputs. 

•  Output  Drive  Capability:  15  LSTTL  Loads 

•  TTL/NMOS-Compatible  Input  Levels 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  4.5  to  5.5  V 

•  Low  Input  Current:  1  /tA 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  164  FETs  or  41  Equivalent  Gates 


MC54/74HCT540 


JflP 

J  SUFFIX 
CERAMIC 
CASE  732 

i 

N  SUFFIX 
PLASTIC 
CASE  738 

DW  SUFFIX 

SOIC 
CASE  751 D 

ORDERING  INFORMATION 

MC74HCTXXXN 
MC54HCTXXXJ 
MC74HCTXXXDW 

Plastic 

Ceramic 

SOIC 

Ta=  -55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 

DATA 
INPUTS 


A6  - 


A8  - 


OUTPUT  f  0E1- 
ENABLES  ^0E2— 


LOGIC  DIAGRAM 


 _>D  Y4 

14 

 V5 

Q  13 
>3  Y6 


 [j>0  —  Y8, 


INVERTING 
OUTPUTS 


PIN  20-VCC 
PIN  10-GND 


PIN  ASSIGNMENTS 


0E1 

c 

1  • 

20 

9 

vcc 

A1 

c 

2 

19 

) 

0E2 

A2 

c 

3 

18 

] 

Y1 

A3 

t 

4 

17 

] 

Y2 

A4 

c 

5 

16 

) 

Y3 

A5 

I 

6 

15 

] 

Y4 

A6 

[ 

7 

14 

] 

Y5 

A7 

c 

8 

13 

3 

Y6 

A8 

[ 

9 

12 

3 

Y7 

GNO 

[ 

10 

11 

] 

Y8 

FUNCTION  TABLE 


Inputs 

Output 
Y 

OE1 

OE2 

A 

L 

L 

L 

H 

L 

L 

H 

L 

H 

X 

X 

Z 

X 

H 

X 

Z 

Z=  high  impedance 
X  =  don't  care 
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MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GNDI 

-0.5  to  +7.0 

V 

Vin 

DC  Input  Voltage  (Referenced  to  GND) 

-1.5  to  Vcc  +  15 

V 

Vout 

DC  Output  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc +  0  5 

V 

'in 

DC  Input  Current,  per  Pin 

±20 

mA 

'out 

DC  Output  Current,  per  Pin 

+  35 

mA 

ice 

DC  Supply  Current,  Vcc  and  GND  pins 

±75 

i  mA 

PD 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

TStq 

Storage  Temperature 

-65  to  +150 

°C 

TL 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°C 

♦Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
tDerating  -  Plastic  DIP:  -10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjn  and 
Vout  should  be  constrained  to  the 
range  GND<(Vin  or  Vout)<VCC. 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  Vcc'-  Unused 
outputs  must  be  left  open. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

4.5 

5.5 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

vcc 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

tr.  H 

Input  Rise  and  Fall  Time  (Figure  1) 

0 

500 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 


vCc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

Test  Conditions 

25"  C  to 
-55°C 

<85°C 

<125°C 

Unit 

V|H 

Minimum  High-Level  Input 
Voltage 

Vout  =  0.1  VorVcc-0.1  V 
IWI^O^A 

4.5 
5.5 

2.0 
2.0 

2.0 
2.0 

2.0 
2.0 

V 

VlL 

Maximum  Low-Level  Input 
Voltage 

Vout  =  0.1  Vor  VCC-0.1  V 
|lout|<20(lA 

4.5 
5.5 

0.8 
0.8 

0.8 
0.8 

0.8 
0.8 

V 

V0H 

Minimum  High-Level  Output 
Voltage 

Vin  =  V|H  orV|L 
|iout|s20^A 

4.5 
5.5 

4.4 
5.4 

4.4 
5.4 

4.4 
5.4 

V 

Vin  =  V|H  or  V|L 
|lOJt|<6.0  mA 

4.5 

3.98 

3.84 

3.70 

vol 

Maximum  Low-Level  Output 
Voltage 

Vin  =  V|H  or  V|L 
|loutls20pA 

4.5 
5.5 

0.1 
0.1 

0.1 
0.1 

0.1 
0.1 

V 

Vin=V|H  or  V|L 
|lout|<6.0mA 

4.5 

0.26 

0.33 

0.40 

'in 

Maximum  Input  Leakage  Current 

Vin  =  Vcc  or  GND 

5.5 

+  0.1 

±1.0 

±1.0 

fLA 

ioz 

Maximum  Three-State  Leakage 
Current 

Output  in  High-Impedance  State 
Vin  =  V|L  or  V|H 
Vout  =  VcC  or  GND 

5.5 

±0.5 

±5.0 

±10.0 

^A 

!CC 

Maximum  Quiescent  Supply 
Current  (per  Package) 

Vin  =  Vcc  or  GND 
lout  =  0><A 

5.5 

8 

80 

160 

Aicc 

Additional  Quiescent  Supply 

Vjn  =  2.4  V,  Any  One  Input 

>  -58°C 

25° C  to  12S°C 

Current 

V|n  =  Vcc  or  GND,  Other  Inputs 

lout  =  0^A 

5.5 

2.9 

2.4 

mA 

NOTES: 

1.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 

2.  Total  Supply  Current  =  Ice  +  EAIcc- 
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Symbol 

Parameter 

Guaranteed  Limit 

Unit 

25°  C  to 
-55WC 

<85°C 

<125°C 

lPLH' 
tPHL 

Maximum  Propagation  Delay,  Input  A  to  Output  Y 
{Figures  1  and  3) 

30 

38 

45 

ns 

tpLZ- 
tpH2 

Maximum  Propagation  Delay,  Output  Enable  to  Y 
{Figures  2  and  4) 

35 

44 

53 

ns 

tPZL- 
tpZH 

Maximum  Propagation  Delay,  Output  Enable  to  Y 
(Figures  2  and  4) 

45 

56 

68 

ns 

tTLH. 
tTHL 

Maximum  Output  Transition  Time,  Any  Output 
(Figures  1  and  3) 

12 

15 

18 

ns 

Cin 

Maximum  Input  Capacitance 

10 

10 

10 

PF 

cout 

Maximum  Three-State  Output  Capacitance  (Output  in  High-Impedance  State) 

15 

15 

15 

pF 

NOTES: 

1.  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


Cpo 

Power  Dissipation  Capacitance  (Per  Buffer) 

Typical  @  25'C.  VCC  =  5.0  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 

Pd  =  Cpd  vcc^+iccVcc 

50 

pF 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

TEST  POINT 


— I —  CL* 


CONNECT  TO  VCc  WHEN 
TESTING  tpi_2  AND  tpZL. 
CONNECT  TO  GN0  WHEN 
TESTING  tpHZ  AND  tpZH. 


♦includes  all  probe  and  jig  capacitance. 
Figure  3.  Test  Circuit 


♦Includes  all  probe  and  jig  capacitance. 
Figure  4.  Test  Circuit 
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PIN  DESCRIPTIONS 


INPUTS 

A1.  A2.  A3.  A4.  AS,  A6.  A7.  A8  (PINS  2.  3.  4.  5.  6.  7.  8. 
9)  —  Data  input  pins.  Data  on  these  pins  appear  in  inverted 
form  on  the  corresponding  Y  outputs,  when  the  outputs  are 
enabled. 

CONTROLS 

OE1.  OE2  (PINS  1.  19)  -  Output  enables  (active  low). 
When  a  low  level  is  applied  to  both  of  these  pins,  the  outputs 


are  enabled  and  the  device  functions  as  an  inverter.  When  a 
high  level  is  applied  to  either  input,  the  outputs  assume  the 
high  impedance  state. 

OUTPUTS 

Y1,  Y2,  Y3,  Y4.  Y5.  Y6,  Y7.  Y8  (PINS  18,  17,  16,  15,  14, 

13,  12,  11)  -  Device  outputs.  Depending  upon  the  state  of 
the  output-enable  pins,  these  outputs  are  either  inverting  out- 
puts or  high  impedance  outputs. 


LOGIC  DETAIL 


TO  SEVEN  OTHER 
INVERTERS 


INPUT 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL  DATA 


Octal  3-State  Noninverting 
Buffer/Line  Driver/Line  Receiver 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC541  is  identical  in  pinout  to  the  LS541.  The  device  inputs  are 
compatible  with  standard  CMOS  outputs.  External  pullup  resistors  make  them  com- 
patible with  LSTTL  outputs. 

The  HC541  is  an  octal  noninverting  buffer/line  driver/line  receiver  designed  to  be 
used  with  3-state  memory  address  drivers,  clock  drivers,  and  other  bus-oriented 
systems.  This  device  features  inputs  and  outputs  on  opposite  sides  of  the  package 
and  two  ANDed  active-low  output  enables. 

The  HC541  is  similar  in  function  to  the  HC540,  which  has  inverting  outputs. 

•  Output  Drive  Capability:  15  LSTTL  Loads 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1  >iA 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  140  FETs  or  35  Equivalent  Gates 


MC54/74HC541 


J  SUFFIX 
CERAMIC 
CASE  732 


N  SUFFIX 
PLASTIC 
CASE  738 


DW  SUFFIX 

SOIC 
CASE  7S1D 


ORDERING  INFORMATION 

MC74HCXXXN  Plastic 
MC54HCXXXJ  Ceramic 
MC74HCXXXDW  SOIC 


TA=  -55°  to  125°C  for  all 
Dimensions  in  Chapter  7. 


DATA 
INPUTS 


A2  - 


A3  - 


A5  • 


OUTPUT  ToEl- 
ENABIES|0E2— 


LOGIC  DIAGRAM 


"  ^  13 


NONINVERTING 
OUTPUTS 


PIN  ASSIGNMENT 


0E1  [  1  • 

Al  [  2 
A2  [  3 
A3  [  4 
A4  [  5 
A5  [  6 
A6  [  7 
A7  [  S 
A8  [  9 
GND  [  10 


]  0E2 
]  Yl 
]  V2 
]  Y3 
]  Y4 
]  Y5 
]  Y6 
]  Y7 
11  ]  Y8 


FUNCTION  TABLE 


Inputs 

Output 
Y 

OE1 

OE2 

A 

L 

L 

L 

L 

L 

L 

H 

H 

H 

X 

X 

Z 

X 

H 

X 

Z 

Z  =  high  impedance 
X  =  don't  care 
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MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

-0.5  to  +7.0 

V 

Vin 

DC  Input  Voltage  (Referenced  to  GND) 

—  1.5  to  Vcc  +  T5 

V 

Vout 

DC  Output  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc +  0.5 

V 

■in 

DC  Input  Current,  per  Pin 

±20 

mA 

'out 

DC  Output  Current,  per  Pin 

±35 

mA 

!CC 

DC  Supply  Current,  Vcc  and  GND  Pins 

±75 

mA 

PD 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tstg 

Storage  Temperature 

-65  to  +150 

°c 

TL 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°c 

*  Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
tDerating  -  Plastic  DIP:  - 10  mW7°C  from  65°  to  125°C 

Ceramic  DIP:  -  10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjn  and 
Vout  should  be  constrained  to  the 
range  GNDs(Vin  or  Voutl<Vcc. 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  Vccl-  Unused 
outputs  must  be  left  open. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Mln 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

vcc 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°C 

V.  tf 

Input  Rise  and  Fall  Time                          Vcc  =  2.0  v 
(Figure  1 1                                          VCc  =  4.5V 

VCc  =  6.0  V 

0 
0 
0 

1000 
500 
400 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 


VCC 
V 

Guaranteed  Limit 

Symbol 

Parameter 

Test  Conditions 

25°  C  to 
-S6°C 

<85°C 

<125°C 

Unit 

V|H 

Minimum  High-Level  Input 
Voltage 

Vout  =  VCC -0.1V 
I'outl  S20»<A 

2.0 
4.5 
6.0 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

V 

V|L 

Maximum  Low-Level  Input 
Voltage 

V0ut  =  0.1  V 
\\out\  S20^A 

2.0 
4.5 
6.0 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

V 

VOH 

Minimum  High-Level  Output 
Voltage 

Vin  =  V|H 
Houtls20^ 

2.0 
4.5 
6.0 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

V 

Vin  =  V|H  IWIse.OmA 
|lout|<7.8  mA 

4.5 
6.0 

3.98 
5.48 

3.84 
5.34 

3.70 
5.20 

vol 

Maximum  Low-Level  Output 
Voltage 

Vin  =  V|L 
|lou,|«;20^ 

2.0 
4.5 
6.0 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

V 

Vin  =  V|L  |lout|s6.0mA 
I'outl  ^7.8  mA 

4.5 
6.0 

0.26 
0.26 

0.33 
0.33 

0.40 
0.40 

■in 

Maximum  Input  Leakage  Current 

Vin  =  VCC  or  GND 

6.0 

±0.1 

±1.0 

±1.0 

/"A 

ioz 

Maximum  Three-State  Leakage 
Current 

Output  in  High-Impedance  State 
Vin  =  V|L  or  V|H 
Vout  =  VCC  or  GND 

6.0 

±0.5 

±5.0 

±10.0 

*A 

ice 

Maximum  Quiescent  Supply 
Current  (per  Package) 

Vin  =  Vcc°rGND 
lout  =  "MA 

6.0 

8 

80 

160 

/xA 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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AC  ELECTRICAL  CHARACTERISTICS  (CL  =  50  pF,  Input  tr  =  tf  =  o  nsi 


Vcc 
V 

Guaranteed  Limit 

Symbol 

Parameter 

25  C  to 

<86°C 

<12S°C 

Unit 

—  55°C 

to 

Maximum  Propagation  Delay,  Input  A  to  Output  Y 

2.0 

125 

155 

190 

ns 

tpHL 

(Figures  1  and  3) 

4.5 

25 

31 

38 

6.0 

21 

26 

32 

tPLZ' 

Maximum  Propagation  Delay,  Output  Enable  to  Output  Y 

2.0 

175 

220 

265 

ns 

'PHZ 

(Figures  2  and  4) 

4.5 

35 

44 

53 

6.0 

30 

37 

45 

'PZL' 

Maximum  Propagation  Delay,  Output  Enable  to  Output  Y 

2.0 

175 

220 

265 

ns 

'PZH 

(Figures  2  and  4) 

4.5 

35 

44 

53 

6.0 

30 

37 

45 

M"LH< 

Maximum  Output  Transition  Time,  Any  Output 

2.0 

60 

75 

90 

ns 

tTHL 

(Figures  1  and  3) 

4.5 

12 

15 

18 

6.0 

10 

13 

15 

Cin 

Maximum  Input  Capacitance 

- 

10 

10 

10 

pF 

Cout 

Maximum  Three-State  Output  Capacitance  (Output  in  High-Impedance 

15 

15 

15 

pF 

State) 

NOTES: 

1 .  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


CPD 

Power  Dissipation  Capacitance  (Per  Buffer! 

Typical  @  25°C,  VCC  =  5  0  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 
Pq  =  CpD  Vcr^f  +  ICC  Vcc 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

35 

PF 

SWITCHING  WAVEFORMS 


Includes  all  probe  and  jig  capacitance.  *lncludes  all  probe  and  jig  capacitance. 


Figure  3.  Test  Circuit  Figure  4.  Test  Circuit 
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MC54/74HC541 

PIN  DESCRIPTIONS 


INPUTS 

A1,  A2.  A3.  A4.  A5.  A6.  A7,  A8  (PINS  2,  3.  4.  5.  6,  7,  8. 

9)  —  Data  input  pins.  Data  on  these  pins  appear  in  noninverted 
form  on  the  corresponding  Y  outputs,  when  the  outputs  are 
enabled. 

CONTROLS 

OE1,  OE2  (PINS  1,  19)  -  Output  enables  lactive-lowl. 
When  a  low  level  is  applied  to  both  of  these  pins,  the  outputs 


are  enabled  and  the  device  functions  as  a  noninverting  buffer. 
When  a  high  level  is  applied  to  either  input,  the  outputs  assume 
the  high  impedance  state. 

OUTPUTS 

VI.  Y2,  Y3,  Y4,  Y5,  Y6,  Y7,  Y8  (PINS  18,  17.  16,  15,  14, 

13,  12,  11)  —  Device  outputs.  Depending  upon  the  state  of 
the  output-enable  pins,  these  outputs  are  either  noninverting 
outputs  or  high  impedance  outputs. 
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5-385 


MOTOROLA 

SEMICONDUCTOR 

TECHNICAL  DATA 


Octal  3-State  IMoninverting 
Buffer/Line  Driver/Line  Receiver 
with  LSTTL-Compatible  Inputs 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HCT541  is  identical  in  pinout  to  the  LS541.  The  device  may  be  used 
as  a  level  converter  for  interfacing  TTL  or  NMOS  to  High-Speed  CMOS  inputs. 

The  HCT541  is  an  octal  noninverting  buffer/line  driver/line  receiver  designed  to  be 
used  with  3-state  memory  address  drivers,  clock  drivers,  and  other  bus-oriented 
systems.  This  device  features  inputs  and  outputs  on  opposite  sides  of  the  package 
and  two  ANDed  active-low  output  enables. 

The  HCT541  is  similar  in  function  to  the  HCT540,  which  has  inverting  outputs. 

•  Output  Drive  Capability:  15  LSTTL  Loads 

•  TTL/NMOS-Compatible  Input  Levels 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  4.5  to  5.5  V 

•  Low  Input  Current:  1  ftA 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  180  FETs  or  45  Equivalent  Gates 


LOGIC  DIAGRAM 


A3  - 


l>— R  17 
 ^>  Y2 

5> 


NONINVERTING 
OUTPUTS 


MC54/74HCT541 


|  |  l!  1  1 

J  SUFFIX 
CERAMIC 
CASE  732 

^^^^^^^^^^^^^^^ 

N  SUFFIX 
PLASTIC 
CASE  738 

i 

DW  SUFFIX 

SOIC 
CASE  751 D 

ORDERING  INFORMATION 

MC74HCTXXXN 
MC54HCTXXXJ 
MC74HCTXXXDW 

Plastic 

Ceramic 

SOIC 

TA=  -55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 

PIN  ASSIGNMENTS 

0E1  C 

1  • 

20 

3 

"cc 

A1  C 

2 

19 

3 

0E2 

A2  [ 

3 

18 

] 

Y1 

A3  [ 

4 

17 

3 

V2 

A4  C 

5 

16 

3 

Y3 

A5  [ 

6 

15 

3 

Y4 

A6  C 

1 

14 

3 

Y5 

A7  C 

8 

13 

3 

Y6 

A8  C 

9 

12 

3 

Y7 

GNO  [ 

10 

11 

3 

Y8 

FUNCTION  TABLE 


Inputs 

Output 

OE1 

OE2 

A 

Y 

L 

L 

L 

L 

L 

H 

H 

X 

X 

Z 

X 

H 

X 

z 

Z=  high  impedance 
X  =  don't  care 
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MC54/74HCT541 


MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC  Supply  Voltage  (Referenced  to  GNDI 

-0.5  to  +7.0 

V 

Vin 

DC  Input  Voltage  (Referenced  to  GND) 

—  1.5  to  Vcc  +  T5 

V 

Vout 

DC  Output  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc +  0.5 

V 

I'm 

DC  Input  Current,  per  Pin 

±20 

mA 

'out 

DC  Output  Current,  per  Pin 

±35 

mA 

ice 

DC  Supply  Current,  Vcc  and  GND  Pins 

±75 

mA 

PD 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tstq 

Storage  Temperature 

-65  to  +150 

°C 

TL 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°C 

♦Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
tDerating  -  Plastic  DIP:  -10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjn  and 
Vout  should  be  constrained  to  the 
range  GND<(Vin  or  Vout)<VCC. 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  Vcc'-  Unused 
outputs  must  be  left  open. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

4.5 

5.5 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

vcc 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

tr.  'f 

Input  Rise  and  Fall  Time  (Figure  1) 

0 

500 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 


vCc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

Test  Conditions 

2S°C  to 
-56°C 

<85"C 

<125°C 

Unit 

V|H 

Minimum  High-Level  Input 
Voltage 

Vout  =  0.1  VorVcc-0.1  V 
|lout|<20,.A 

4.5 

5.5 

2.0 
2.0 

2.0 
2.0 

2.0 
2.0 

V 

V|L 

Maximum  Low-Level  Input 
Voltage 

Vout  =  0.1  VorVcc-0.1  V 
lloutl^Of.A 

4.5 
5.5 

0.8 
0.8 

0.8 
0.8 

0.8 
0.8 

V 

V0H 

Minimum  High-Level  Output 
Voltage 

Vin  =  V|H  or  V|L 
|lout|<20„A 

4.5 
5.5 

4.4 
5.4 

4.4 
5.4 

4.4 
5.4 

V 

Vin  =  V|H  or  V|L 
|lout|s6.0mA 

4.5 

3.98 

3.84 

3.70 

vol 

Maximum  Low-Level  Output 
Voltage 

Vin  =  V|H  or  V|L 
|lout|<20^A 

4.5 
5.5 

0.1 
0.1 

0.1 
0.1 

0.1 
0.1 

V 

Vin  =  V|H  or  V|L 
|lout|<6.0  mA 

4.5 

0.26 

0.33 

0.40 

tin 

Maximum  Input  Leakage  Current 

Vin  =  Vcc  or  GND 

5.5 

±0.1 

±1.0 

±1.0 

nA 

loz 

Maximum  Three-State  Leakage 
Current 

Output  in  High-Impedance  State 
Vin  =  V|Lor  V|H 
Vout  =  Vcc  or  GND 

5.5 

±0.5 

±5.0 

±10.0 

/■A 

ice 

Maximum  Quiescent  Supply 
Current  (per  Package) 

Vin  =  VCC  or  GND 
lout  =  0^A 

5.5 

8 

80 

160 

Alec 

Additional  Quiescent  Supply 

Vin  =2.4  V,  Any  One  Input 

>  -55°C 

25-C  to  125°C 

Current 

vin  =  Vcc  or  GND,  Other  Inputs 
lout  =  n/<A 

5.5 

2.9 

2.4 

mA 

NOTES: 

1.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2, 

2.  Total  Supply  Current=lcc  +  £Alcc- 
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AC  ELECTRICAL  CHARACTERISTICS  (Vcc  =  5.0V  ±10%,  CL  =  5Uph,  input  x,  =  i(  =  d  ns; 


Symbol 

Parameter 

Guaranteed  Limit 

Unit 

25°Cto 
-55-C 

==85«C 

<12S°C 

'PLH. 
tPHL 

Maximum  Propagation  Delay,  Input  A  to  Output  Y 
(Figures  1  and  31 

30 

38 

45 

ns 

tpLZ. 
«PHZ 

Maximum  Propagation  Delay,  Output  Enable  to  Y 
(Figures  2  and  4) 

35 

44 

53 

ns 

•PZL. 
'PZH 

Maximum  Propagation  Delay,  Output  Enable  to  Y 
(Figures  2  and  4) 

46 

56 

68 

ns 

TLH. 
tTHL 

Maximum  Output  Transition  Time,  Any  Output 
(Figures  1  and  3) 

12 

15 

18 

ns 

Cin 

Maximum  Input  Capacitance 

10 

10 

10 

PF 

Cout 

Maximum  Three-State  Output  Capacitance  (Output  in  High-Impedance  State) 

15 

15 

15 

pF 

NOTES: 

1 .  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


CPD 

Power  Dissipation  Capacitance  (Per  Buffer) 

Typical  @  25°C,  VCC  =  5  0  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 

PD  =  CpD  Vcc2f+lcc  Vcc 

50 

pF 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

SWITCHING  WAVEFORMS 


*lncludes  all  probe  and  jig  capacitance. 
Figure  3.  Test  Circuit 


TEST  POINT 
1  kO 


DEVICE 

OUTPUT 

UNDER 

TEST 

T 

:ct* 


I CONNECT  TO  Vcc  WHEN 
TESTING  tpLZ  AND  tPZL. 
CONNECT  TO  GND  WHEN 
TESTING  tpHZ  AND  tPZH. 


*  Includes  all  probe  and  jig  capacitance. 
Figure  4.  Test  Circuit 


I 
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PIN  DESCRIPTIONS 


INPUTS 

A1.  A2,  A3.  A4.  A5.  A6.  A7.  A8  (PINS  2.  3.  4,  5.  6.  7.  8. 

9)  —  Data  input  pins.  Data  on  these  pins  appear  in  noninverted 
form  on  the  corresponding  Y  outputs,  when  the  outputs  are 
enabled. 


CONTROLS 

OE1.  OE2  (PINS  1.  19) 


Output  enables  (active  low). 


are  enabled  and  the  device  functions  as  a  noninverting  buffer. 
When  a  high  level  is  applied  to  either  input,  the  outputs  assume 
the  high  impedance  state. 

OUTPUTS 

VI.  Y2,  Y3,  Y4,  Y5,  Y6,  Y7,  Y8  (PINS  18,  17,  16,  15,  14, 

13,  12,  11)  —  Device  outputs.  Depending  upon  the  state  of 
the  output-enable  pins,  these  outputs  are  either  noninverting 


When  a  low  level  is  applied  to  both  of  these  pins,  the  outputs       outputs  or  high  impedance  outputs. 


LOGIC  DETAIL 


TO  SEVEN  OTHER 


L 


0E1- 


ONE  OF  EIGHT 


1 


vcc 


i 

1 


.  OUTPUT 


J 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL  DATA 


MC54/74HC563 


Octal  3-State  Inverting 
Transparent  Latch 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC563  is  identical  in  pinout  to  the  LS563.  The  device  inputs  are 
compatible  with  standard  CMOS  outputs;  with  pullup  resistors,  they  are  compatible 
with  LSTTL  outputs. 

This  device  is  identical  in  function  to  the  HC533  but  has  the  Data  Inputs  on  the 
opposite  side  of  the  package  from  the  outputs  to  facilitate  PC  board  layout. 

These  latches  appear  transparent  to  data  (i.e.,  the  outputs  change  asynchron- 
ously) when  Latch  Enable  is  high.  The  data  appears  at  the  outputs  in  inverted  form. 
When  Latch  Enable  goes  low,  data  meeting  the  setup  and  hold  time  becomes 
latched. 

The  Output  Enable  input  does  not  affect  the  state  of  the  latches,  but  when  Out- 
put Enable  is  high,  all  device  outputs  are  forced  to  the  high-impedance  state.  Thus, 
data  may  be  latched  even  when  the  outputs  are  not  enabled. 

The  HC573  is  the  noninverting  version  of  this  function. 

•  Output  Drive  Capability:  15  LSTTL  Loads 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  202  FETs  or  50.5  Equivalent  Gates 


J  SUFFIX 
CERAMIC 
CASE  732 


IM  SUFFIX 
PLASTIC 
CASE  738 


DW  SUFFIX 

SOIC 
CASE  751 D 


ORDERING  INFORMATION 

MC74HCXXXN  Plastic 
MC54HCXXXJ  Ceramic 
MC74HCXXXDW  SOIC 


TA=  -55°  to  125°Cfor  all 
Dimensions  in  Chapter  7. 


LOGIC  DIAGRAM 


PIN  ASSIGNMENT 


OUTPUT  ENABLE [ 

1  • 

20 

Ivcc 

2 

19 

]Q0 

ml 

3 

18 

lai 

D2[ 

4 

17 

102 

D3[ 

5 

16 

1 03 

D4[ 

6 

15 

]04 

D5[ 

7 

14 

1Q5 

D6[ 

8 

13 

]Q6 

D7[ 

9 

12 

]Q7 

GND[ 

10 

11 

]  LATCH  ENABLE 

PIN  20  =  VCC 
PIN  10  =  GND 


FUNCTION  TABLE 


Inputs 

Output 

Output 

Latch 

D 

Q 

Enable 

Enable 

L 

H 

H 

L 

L 

H 

L 

H 

L 

L 

X 

no 

change 

H 

X 

X 

Z 

X  =  don't  care 

Z  =  high  impedance 
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MC54/74HC563 


MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

VCC 

nr  ^nnnlu  Vnltanp  (RpfprpnrptH  tn  fiUni 

—  0.5  to  +  7.0 

V 

vin 

DC  Innnt  Vnltanp  (RpfprpnrpH  tn  f^NDl 

U\*  II 1  pu  i   V  Ullage  1  nclclcl  lL,t?<J  LU  \Jl  N  \J  1 

 1 .5  to  Vcc  ±  T5 

v 

Vout 

DC  Output  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc +  0.5 

V 

'in 

DC  Input  Current,  per  Pin 

±20 

mA 

'out 

DC  Output  Current,  per  Pin 

±35 

mA 

ice 

DC  Supply  Current,  Vcc  and  GND  Pins 

±75 

mA 

PD 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tstg 

Storage  Temperature 

-65  to  +150 

°C 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package! 

(Ceramic  DIP) 

260 
300 

°C 

♦Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
tDerating  -  Plastic  DIP:  -  10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  - 10  mW/'C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  V;n  and 
Vout  should  be  constrained  to  the 
range  GNDs(Vin  or  Voutl<VCc- 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  Vccl-  Unused 
outputs  must  be  left  open. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin-Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

vcc 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

tr-  tf 

Input  Rise  and  Fall  Time                          Vcc  "  2  0  v 
(Figure  11  VCC=4.5V 

Vcc  =  6.0  v 

0 

0 
0 

1000 
500 
400 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 


vCc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

Test  Conditions 

25°C  to 
-55°C 

<86°C 

<125°C 

Unit 

V|H 

Minimum  High-Level  Input 
Voltage 

Vout  =  0-1  Vor  Vcc-0.1  V 

2.0 
4.5 
6.0 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

V 

V|L 

Maximum  Low-Level  Input 
Voltage 

Vout  =  0.1  Vor  VCC  "0.1  V 
|lout|<20^A 

2.0 
4.5 
6.0 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

V 

VOH 

Minimum  High-Level  Output 
Voltage 

Vin  =  V|H  orV|L 
|lout|s20,iA 

2.0 
4.5 
6.0 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

1.9 
4.4 

5.9 

V 

Vin  =  V|HorV|L  IWIse.OmA 
|lOJt|<7.8  mA 

4.5 
6.0 

3.98 
5.48 

3.84 
5.34 

3.70 
5.20 

vol 

Maximum  Low-Level  Output 
Voltage 

Vin  =  V|H  or  V|L 
|lout|<20^A 

2.0 
4.5 
6.0 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

V 

Vin  =  V|H°rV|L  Hout|s8.0mA 
|lout|<7.8  mA 

4.6 
6.0 

0.26 
0.26 

0.33 
0.33 

0.40 
0.40 

'in 

Maximum  Input  Leakage  Current 

Vin  =  VccorGND 

6.0 

±0.1 

±1.0 

±1.0 

/■A 

'02 

Maximum  Three-State  Leakage 
Current 

Output  in  High-Impedance  State 
Vin=V|L  or  V,H 
Vout  =  VcC  °r  GND 

6.0 

±0.5 

±5.0 

±10.0 

MA 

'cc 

Maximum  Quiescent  Supply 
Current  (per  Package) 

Vin  =  VcC°rGND 
>out  =  °fA 

6.0 

8 

80 

160 

/xA 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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Vcc 

v 

Guaranteed  Limit 

Symbol 

Parameter 

25  C  to 

<85°C 

<125°C 

Unit 

—  55°  C 

TPLH' 

Maximum  Propagation  Delay,  Input  D  to  Q 

2.0 

175 

220 

265 

ns 

tPHL 

(Figures  1  and  5) 

4.5 

35 

44 

53 

6.0 

30 

37 

45 

*PLH< 

Maximum  Propagation  Delay,  Latch  Enable  to  Q 

2.0 

175 

220 

265 

ns 

*PHL 

(Figures  2  and  5) 

4.5 

35 

44 

53 

6.0 

30 

37 

45 

*PLZ' 

Maximum  Propagation  Delay,  Output  Enable  to  Q 

2.0 

150 

190 

225 

ns 

tpHZ 

(Figures  3  and  6) 

4.5 

30 

38 

45 

6.0 

26 

33 

38 

lPZL' 

Maximum  Propagation  Delay,  Output  Enable  to  Q 

2.0 

150 

225 

ns 

tpZH 

(Figures  3  and  6) 

4.5 

30 

38 

6.0 

26 

33 

38 

f 

Maximum  Output  Transition  Time,  Any  Output 

2.0 

60 

75 

90 

ns 

*THL 

(Figures  1  and  5) 

4.5 

12 

15 

18 

6.0 

10 

13 

15 

Cin 

Maximum  Input  Capacitance 

- 

10 

10 

10 

PF 

cout 

Maximum  Three-State  Output  Capacitance  (Output  in 

High-Impedance 

15 

15 

15 

pF 

State) 

NOTES: 

1 .  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


CPD 

Power  Dissipation  Capacitance  (Per  Latch) 

Typical  @  25°C,  VCC  =  5  0  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 

PD  =  CpD  Vcc^f-HcC  Vcc 

37 

pF 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

TIMING  REQUIREMENTS  (Input  tr  =  tf  =  6  ns) 


vcc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

25°C  to 
-55°C 

s85°C 

<126°C 

Unit 

»su 

Minimum  Setup  Time,  Input  D  to  Latch  Enable 
(Figure  4) 

2.0 
4.5 
6.0 

75 
15 
13 

95 
19 
16 

110 
22 
19 

ns 

th 

Minimum  Hold  Time,  Latch  Enable  to  Input  D 
(Figure  4) 

2.0 
4.5 

5 
5 

5 

S 

5 

5 

ns 

6.0 

5 

5 

5 

tw 

Minimum  Pulse  Width,  Latch  Enable 
(Figure  2) 

2.0 
4.5 
6.0 

80 
16 
14 

100 
20 
17 

120 
24 
20 

ns 

'r.  tf 

Maximum  Input  Rise  and  Fall  Times 
(Figure  1) 

2.0 
4.5 
6.0 

1000 
500 
400 

1000 
500 
400 

1000 
500 
400 

ns 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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MC54/74HC563 

SWITCHING  WAVEFORMS 


Figure  3  Figure  4 


TEST  POINT 

DEVICE 

OUTPUT 

DEVICE 

UNDER 

UNDER 

TEST 

r 

TEST 

♦includes  all  probe  and  jig  capacitance. 
Figure  5.  Test  Circuit 


TEST  POINT 


1  kfi 


CONNECT  TO  Vcc  WHEN 
TESTING  tPLZ  AND  tPZL. 
CONNECT  TO  GND  WHEN 
,  TESTING  tPHZ  AND  tPZH. 


♦Includes  all  probe  and  jig  capacitance. 
Figure  6.  Test  Circuit 
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MC54/74HC563 

EXPANDED  LOGIC  DIAGRAM 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL  DATA 


Octal  3-State  Inverting  D 
Flip-Flop 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC564  is  identical  in  pinout  to  the  LS564.  The  device  inputs  are 
compatible  with  standard  CMOS  outputs;  with  pullup  resistors,  they  are  compatible 
with  LSTTL  outputs. 

This  device  is  identical  in  function  to  the  HC534  but  has  the  flip-flop  inputs  on  the 
opposite  side  of  the  package  from  the  outputs  to  facilitate  PC  board  layout. 

Data  meeting  the  setup  time  is  clocked,  in  inverted  form,  to  the  outputs  with  the 
rising  edge  of  the  Clock.  The  Output  Enable  input  does  not  affect  the  states  of  the 
flip-flops,  but  when  Output  Enable  is  high,  all  device  outputs  are  forced  to  the  high- 
impedance  state.  Thus,  data  may  be  stored  even  when  the  outputs  are  not  enabled. 

The  HC564  is  the  inverting  version  of  the  HC574. 

•  Output  Drive  Capability:  15  LSTTL  Loads 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1  /iA 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  282  FETs  or  70.5  Equivalent  Gates 


MC54/74HC564 


J  SUFFIX 
CERAMIC 
CASE  732 


N  SUFFIX 
PLASTIC 
CASE  738 


OW  SUFFIX 

SOIC 
CASE  751 D 


ORDERING  INFORMATION 

MC74HCXXXN  Plastic 
MC54HCXXXJ  Ceramic 
MC74HCXXXDW  SOIC 

TA=  -55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 


Data 
Inputs 


LOGIC  DIAGRAM 


DO  ■ 
Dl 
D2  • 

m 

D4  ■ 
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D7 

Clock 


Output 
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2  
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17 
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15 
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14 
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3  13 

9 

D  12 

^> 

■  QO 
-Ql 
■Q2 
-Q3 
-04 
-Q5 

■  Qt 
-Q7 


Inverting 
Outputs 


Pin  20=  Vcc 
Pin  10=GND 


PIN  ASSIGNMENT 


Output  Enable  [ 
DO  I 
Dl  [ 

D2 
D3 
D4 

D5  r. 

D6[ 

D7 
GND  [ 


1  • 

2 
3 
4 
5 
6 
7 
8 
9 
10 


20  ]  VCC 
19  J  QO 
18  ]  Ql 
17  ]  Q2 
16  ]  Q3 
15  ]  Q4 
14  ]  Q5 
13  ]  Q6 
12  ]  Q7 
11  ]  Clock 


FUNCTION  TABLE 


Inputs 

Output 

Output 

Enable 

Clock 

D 

Q 

L 

J' 

H 

L 

L 

-T 

L 

H 

L 

L,  H,"\_ 

X 

no 

change 

H 

X 

X 

2 

X  =  don't  care 

Z=  high  impedance 
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r  til  all  IQ I VI 

Unit 

vcc 

DP  9nnnlu  Vnltanp  (Rpfprpnrpr)  fn  fiNDl 

—  0.5  to  +7.0 

V 

\J\^  1 1  ipu l  v ui  Lay  c  incicici il-cu  wj  vji* u i 

—  1 .5  to  Vcc  + 

V 

vout 

DC  Output  Voltage  {Referenced  to  GND) 

—  0.5  to  V^c  0-5 

v 

L  . 

'in 

DC  Input  Current  per  Pin 

±20 

l 

'out 

nr  Hi  itm  it  fiirront    nor  Pin 
L/O  Vri/U  ipu  L  l^uriGMl,  ptr  rill 

+  35 

— mA  

ice 

DC  Supply  Current,  Vqc  and  GND  Pins 

±75 

mA 

Pd 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 

SHIP  Parlranpt 

750 
500 

mW 

Tstg 

Storage  Temperature 

-65  to  +150 

°C 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°C 

♦Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
tDerating  -  Plastic  DIP:  -10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjn  and 
Vout  should  be  constrained  to  the 
range  GND  <(Vjn  or  V0Ut)<Vcc- 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  Vcc)-  Unused 
outputs  must  be  left  open. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

vcc 

V 

Ta 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

<r.  <f 

Input  Rise  and  Fall  Time                          Vcc  =  2.0  v 
(Figure  1)                                          Vcc  =  4.5  V 

VCc  =  6.0  V 

0 
0 
0 

1000 
500 
400 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 


vcc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

Test  Conditions 

25°C  to 

s85°C 

<125°C 

Unit 

-55°C 

VlH 

Minimum  High-Level  Input 

Vout  =  "-1  V  or  VCC -0.1  V 

2.0 

1.5 

1.5 

1.5 

V 

Voltage 

|lout|<20^A 

4.5 

3.15 

3.15 

3.15 

6.0 

4.2 

4.2 

4.2 

V|L 

Maximum  Low-Level  Input 

Vout  =  0.1  Vor  Vcc-0.1  V 

2.0 

0.3 

0.3 

0.3 

V 

Voltage 

Hantaan  j* 

4.5 

0.9 

0.9 

0.9 

6.0 

1.2 

1.2 

1.2 

VOH 

Minimum  High-Level  Output 

Vin  =  V|HorV|L 

2.0 

1.9 

1.9 

1.9 

V 

Voltage 

4.5 

4.4 

4.4 

4.4 

6.0 

5.9 

5.9 

5.9 

Vin  =  V|HorV|L  |lout|<6.0mA 

4.5 

3.98 

3.84 

3.70 

|lout|<7.8mA 

6.0 

5.48 

5.34 

5.20 

vol 

Maximum  Low-Level  Output 

Vin  =  V|H  °rV|L 

2.0 

0.1 

0.1 

0.1 

V 

Voltage 

Hout|s20^A 

4.5 

0.1 

0.1 

0.1 

6.0 

0.1 

0.1 

0.1 

Vin  =  V|HorV|L  IWIse.OmA 

4.5 

0.26 

0.33 

0.40 

|lout|s7.8  mA 

6.0 

0.26 

0.33 

0.40 

>m 

Maximum  Input  Leakage  Current 

Vin  =  VcC°rGND 

6.0 

±0.1 

±1.0 

±1.0 

eA 

ioz 

Maximum  Three-State  Leakage 

Output  in  High-Impedance  State 

6.0 

±0.5 

±5.0 

±10.0 

MA 

Current 

Vin  =  V|L  or  V|H 

Vout  =  VcC  or  GND 

ice 

Maximum  Quiescent  Supply 

Vin  =  VCCorGND 

6.0 

8 

80 

160 

Current  (per  Package) 

lout  =  0>A 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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AC  ELECTRICAL  CHARACTERISTICS  [CL  =  50  pF,  Input  t,  =  tf  =  6  ns) 


Symbol 

Parameter 

VCC 
V 

Guaranteed  Limit 

Unit 

25°C  to 
-55°C 

<85°C 

<125°C 

fmax 

Maximum  Clock  Frequency  (50%  Duty  Cycle) 
(Figures  1  and  4) 

2.0 
4.5 
6.0 

6.0 
30 
35 

4.8 
24 
28 

4.0 
20 
24 

MHz 

<PLH. 
<PHL 

Maximum  Propagation  Delay,  Clock  to  Q 
(Figures  1  and  4) 

2.0 
4.5 
6.0 

175 
35 
30 

220 
44 
37 

265 
53 
45 

ns 

tpLZ. 
'PHZ 

Maximum  Propagation  Delay,  Output  Enable  to  Q 
(Figures  2  and  5) 

2.0 
4.5 

6.0 

150 
30 
26 

190 
38 
33 

225 
45 
38 

ns 

'PZL. 
«PZH 

Maximum  Propagation  Delay,  Output  Enable  to  Q 
(Figures  2  and  5] 

2.0 
4.5 
6.0 

150 
30 
26 

190 
38 
33 

225 
45 
38 

ns 

<TLH. 
tTHL 

Maximum  Output  Transition  Time,  Any  Output 
(Figures  1  and  4) 

2.0 
4.5 
6.0 

60 
12 
10 

75 
15 
13 

90 
18 
15 

ns 

Cin 

Maximum  Input  Capacitance 

10 

10 

10 

pF 

cout 

Maximum  Three-State  Output  Capacitance  (Output  in  High-Impedance 
State) 

15 

15 

15 

PF 

NOTES: 

1 .  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 

CpD 

Power  Dissipation  Capacitance  (Per  Flip-Flop) 

Used  to  determine  the  no-load  dynamic  power  consumption: 

PD  -  CpD  Vcc2*  +  ice  Vcc 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

Typical  @  25°  C,  VCC=5.°  V 

PF 

38 

TIMING  REQUIREMENTS  (Input  tr  =  tf  =  6  ns) 

Symbol 

Parameter 

vcc 

V 

Guaranteed  Limit 

Unit 

25°C  to 
-55°C 

=s86°C 

<125°C 

«su 

Minimum  Setup  Time,  Data  to  Clock 
(Figure  3) 

2.0 
4.5 
6.0 

100 
20 
17 

125 
25 
21 

150 
30 
26 

ns 

»h 

Minimum  Hold  Time,  Clock  to  Data 
(Figure  31 

2.0 
4.5 
6.0 

5 
5 
5 

5 
5 
5 

5 
5 
5 

ns 

tw 

Minimum  Pulse  Width,  Clock 
(Figure  1) 

2.0 
4.5 
6.0 

80 
16 
14 

100 
20 
17 

120 
24 
20 

ns 

tr. 'f 

Maximum  Input  Rise  and  Fall  Times 
(Figure  1) 

2.0 
4.5 
6.0 

1000 
500 
400 

1000 
500 
400 

1000 
500 
400 

ns 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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MC54/74HC564 


SWITCHING  WAVEFORMS 


FIGURE  1 


Clock 
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TEST  CIRCUITS 


FIGURE  4 


FIGURE  5 


Device 
Under 
Test 


Test  Point 


Output 


1 


I 


*  Includes  all  probe  and  jig  capacitance. 


Test  Point 


(Connect  to  Vcc  when 
testing  tpi_z  and  'PZL 
Connect  to  GND  when 
testing  tPHZ  and  tpZH. 


*  Includes  all  probe  and  jig  capacitance. 
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EXPANDED  LOGIC  DIAGRAM 
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Octal  3-State  Noninverting 
Transparent  Latch 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC573  is  identical  in  pinout  to  the  LS573.  The  device  inputs  are 
compatible  with  standard  CMOS  outputs;  with  pullup  resistors,  they  are  compatible 
with  LSTTL  outputs. 

These  latches  appear  transparent  to  data  (i.e.,  the  outputs  change  asynchron- 
ously) when  Latch  Enable  is  high.  When  Latch  Enable  goes  low,  data  meeting  the 
setup  and  hold  time  becomes  latched. 

The  Output  Enable  input  does  not  affect  the  state  of  the  latches,  but  when  Out- 
put Enable  is  high,  all  device  outputs  are  forced  to  the  high-impedance  state.  Thus, 
data  may  be  latched  even  when  the  outputs  are  not  enabled. 

The  HC573  is  identical  in  function  to  the  HC373  but  has  the  Data  Inputs  on  the 
opposite  side  of  the  package  from  the  outputs  to  facilitate  PC  board  layout. 

The  HC573  is  the  noninverting  version  of  the  HC563. 

•  Output  Drive  Capability:  15  LSTTL  Loads 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1  /iA 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  218  FETs  or  54.5  Equivalent  Gates 


J  SUFFIX 
CERAMIC 
CASE  732 


N  SUFFIX 
PLASTIC 
CASE  738 


DW  SUFFIX 

SOIC 
CASE  751 D 


ORDERING  INFORMATION 

MC74HCXXXN  Plastic 
MC54HCXXXJ  Ceramic 
MC74HCXXXDW  SOIC 

TA=  -55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 
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MOTOROLA  HIGH-SPEED  CMOS  LOGIC  DATA 

5-4O0 


MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

—  0.5  to  +7.0 

V 

Vin 

DC  Input  Voltage  (Referenced  to  GND) 

—  1.3  to  Vcc  '  1  -o 

V 

Vout 

DC  Output  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc +  0.5 

V 

'in 

DC  Input  Current,  per  Pin 

±20 

mA 

'out 

DC  Output  Current,  per  Pin 

±35 

mA 

'CC 

DC  Supply  Current,  Vcc  and  GND  Pins 

±75 

mA 

pd 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tstq 

Storage  Temperature 

-65  to  +150 

°C 

TL 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°C 

*Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
tDerating  -  Plastic  DIP:  -10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  - 10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

vcc 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

%,  tf 

Input  Rise  and  Fall  Time                            Vcc  =  2.0V 
(Figure  11  VCC=4.5V 

VCc  =  6.0  V 

0 

0 
0 

1000 
500 
400 

ns 

This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high -impedance 
circuit.  For  proper  operation,  Vjn  and 
Vout  should  be  constrained  to  the 
range  GND  <(Vjn  or  V0Ut)<Vcc- 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  Vcc'-  Unused 
outputs  must  be  left  open. 


DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 


vCc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

Test  Conditions 

25°C  to 
-55°C 

<85°C 

<125°C 

Unit 

V|H 

Minimum  High-Level  Input 
Voltage 

Vout  =  0.1  VorVcc-0.1  V 
|lou,|<20AlA 

2.0 
4.5 
6.0 

1.6 
3.15 
4.2 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

V 

VlL 

Maximum  Low-Level  Input 
Voltage 

Vout  =  0.1  Vor  Vcc-0.1  V 
|lout|<20(lA 

2.0 
4.5 
6.0 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

V 

VOH 

Minimum  High-Level  Output 
Voltage 

vin  =  V|H  or  V|L 
|lou,|  <20^A 

2.0 
4.5 
6.0 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

V 

Vin  =  V|HorV|L  |lout|s6.0mA 
|lou,|s7.8  mA 

4.5 
6.0 

3.98 
5.48 

3.84 
5.34 

3.70 
5.20 

vol 

Maximum  Low-Level  Output 
Voltage 

Vin  =  V|HorV|L 
|lout|s20^A 

2.0 
4.5 
6.0 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

0.1 

0.1 
0.1 

V 

Vin  =  V|HorV|L  |lout|<6.0mA 
|lout|<7.8  mA 

4.5 

6.0 

0.26 
0.26 

0.33 
0.33 

0.40 
0.40 

'in 

Maximum  Input  Leakage  Current 

Vin  =  VcC°r  GND 

6.0 

±0.1 

±1.0 

±1.0 

MA 

'OZ 

Maximum  Three-State  Leakage 
Current 

Output  in  High-Impedance  State 
Vin  =  V,L  or  Vm 
Vout  =  VCC  or  GND 

6.0 

±0.5 

±5.0 

±10.0 

/•A 

'cc 

Maximum  Quiescent  Supply 
Current  (per  Package) 

Vin  =  VCC  or  GND 
'out  =  0»iA 

6.0 

8 

80 

160 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 


MOTOROLA  HIGH-SPEED  CMOS  LOGIC  DATA 

5-401 


MC54/74HC573 


AC  ELECTRICAL  CHARACTERISTICS  (CL^50  pF,  Input  tf  =  tf  =  6  ns) 


vCc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

25°C  to 
-55°C 

<85°C 

<125°C 

Unit 

'PLH. 
tPHL 

Maximum  Propagation  Delay,  Input  D  to  Q 
(Figures  1  and  5) 

2.0 
4.5 
6.0 

175 
35 
30 

220 
44 
37 

265 
53 
45 

ns 

tPLH. 
tPHL 

Maximum  Propagation  Delay,  Latch  Enable  to  Q 
(Figures  2  and  5) 

2.0 
4.5 
6.0 

175 

35 
30 

220 
44 
37 

265 
53 
45 

ns 

tpLZ. 
'PHZ 

Maximum  Propagation  Delay,  Output  Enable  to  Q 
(Figures  3  and  61 

2.0 
4.5 
6.0 

150 
30 
26 

190 
38 
33 

225 
45 
38 

ns 

<PZL. 
'PZH 

Maximum  Propagation  Delay,  Output  Enable  to  Q 
(Figures  3  and  6) 

2.0 
4.5 
6.0 

150 
30 
26 

190 
38 
33 

225 
45 
38 

ns 

TLH. 
•THL 

Maximum  Output  Transition  Time,  Any  Output 
(Figures  1  and  5) 

2.0 
4.5 
6.0 

60 
12 
10 

75 
15 
13 

90 
18 
15 

ns 

Cin 

Maximum  Input  Capacitance 

10 

10 

10 

pF 

Cout 

Maximum  Three-State  Output  Capacitance  (Output  in  High-Impedance 
State) 

15 

15 

15 

pF 

NOTES: 

1 .  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 

Cpo 

Power  Dissipation  Capacitance  (Per  Latch) 

Typical  <j 

i  25°C,  VCC  =  6.0  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 
PD  =  CpD  vcc2'  +  ice  VCC 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

37 

pF 

TIMING  REQUIREMENTS  (Input  tr  =  tf  =  6  ns) 

vCc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

25°C  to 
-55°C 

<85°C 

<125°C 

Unit 

'su 

Minimum  Setup  Time,  Input  D  to  Latch  Enable 
(Figure  4) 

2.0 
4.5 
6.0 

75 
15 
13 

95 
19 
16 

110 
22 
19 

ns 

Hi 

Minimum  Hold  Time,  Latch  Enable  to  Input  D 
(Figure  4) 

2.0 
4.5 
6.0 

5 
5 
5 

5 
5 
5 

5 
5 
5 

ns 

<w 

Minimum  Pulse  Width,  Latch  Enable 
(Figure  2) 

2.0 
4.5 
6.0 

80 
16 
14 

100 
20 
17 

120 
24 
20 

ns 

V.  «f 

Maximum  Input  Rise  and  Fall  Times 
(Figure  1) 

2.0 
4.5 
6.0 

1000 
500 
400 

1000 
500 
400 

1000 
500 
400 

ns 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 


MOTOROLA  HIGH-SPEED  CMOS  LOGIC  DATA 

5-402 


MC54/74HC573 


SWITCHING  WAVEFORMS 
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Figure  4 


CONNECT  TO  Vcc  WHEN 
TESTING  tPlz  AND  tPzl. 
CONNECT  TO  GND  WHEN 
TESTING  1PHZ  AND  IPZH. 


*lncludes  all  probe  and  jig  capacitance. 
Figure  5.  Test  Circuit 


*lncludes  all  probe  and  jig  capacitance. 
Figure  6.  Test  Circuit 


MOTOROLA  HIGH-SPEED  CMOS  LOGIC  DATA 
5-403 
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MOTOROLA  HIGH-SPEED  CMOS  LOGIC  DATA 
5-404 


MOTOROLA 

SEMICONDUCTOR 

TECHNICAL  DATA 


Octal  3-State  Noninverting 
D  Flip-Flop 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC574  is  identical  in  pinout  to  the  LS574.  The  device  inputs  are 
compatible  with  standard  CMOS  outputs;  with  pullup  resistors,  they  are  compatible 
with  LSTTL  outputs. 

Data  meeting  the  setup  time  is  clocked  to  the  outputs  with  the  rising  edge  of  the 
Clock.  The  Output  Enable  input  does  not  affect  the  states  of  the  flip-flops,  but 
when  Output  Enable  is  high,  all  device  outputs  are  forced  to  the  high-impedance 
state.  Thus,  data  may  be  stored  even  when  the  outputs  are  not  enabled. 

The  HC574  is  identical  in  function  to  the  HC374  but  has  the  flip-flop  inputs  on  the 
opposite  side  of  the  package  from  the  outputs  to  facilitate  PC  board  layout. 

The  HC574  is  the  noninverting  version  of  the  HC564. 

•  Output  Drive  Capability:  15  LSTTL  Loads 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1  /iA 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  266  FETs  or  66.5  Equivalent  Gates 


LOGIC  DIAGRAM 


Data 
Inputs 


foo^- 

J2_qo 

D1-2- 

D2-±- 

D3^ 

D4-^ 

J1-Q4 

D5-^- 

D6-8- 

.07  — 
11 

Clock  > 

J2_Q7 

Noninverting 
Outputs 


Output  Enable- 


Pin  20=  Vcc 
Pin  10=GND 


MC54/74HC574 


J  SUFFIX 
CERAMIC 
CASE  732 


N  SUFFIX 
PLASTIC 
CASE  738 


DW  SUFFIX 
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CASE  751 D 


ORDERING  INFORMATION 

MC74HCXXXN  Plastic 
MC54HCXXXJ  Ceramic 
MC74HCXXXDW  SOIC 

Ta=  -55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 
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MOTOROLA  HIGH-SPEED  CMOS  LOGIC  DATA 

5-405 


MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

-0.5  to  +7.0 

V 

Vin 

DC  Input  Voltage  (Referenced  to  GND) 

-1.5  to  Vcc  +  1-5 

V 

Vout 

DC  Output  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc +  0.5 

V 

■in 

DC  Input  Current,  per  Pin 

±20 

mA 

'out 

DC  Output  Current,  per  Pin 

±35 

mA 

ice 

DC  Supply  Current,  Vcc  and  GND  pins 

±75 

mA 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

TStfl 

Storage  Temperature 

-65  to  +150 

°c 

tl 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°C 

•Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
tDerating  -  Plastic  DIP:  - 10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -  10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

vcc 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

tr.tf 

Input  Rise  and  Fall  Time                        Vcc  =  2.0  V 
(Figure  1)                                          Vcc  =  4.5V 

VCC  =6.0  V 

0 
0 
0 

1000 
500 
400 

ns 

This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjn  and 
Vout  should  be  constrained  to  the 
range  GNDs(Vin  or  Vout)sVcc- 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  Vcc).  Unused 
outputs  must  be  left  open. 


DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 


Symbol 

Parameter 

Test  Conditions 

vCc 

V 

Guaranteed  Limit 

Unit 

25°C  to 
-55"C 

<85"C 

<125"C 

V|H 

Minimum  High-Level  Input 
Voltage 

Vout  =  0.1  Vor  Vcc-0.1  V 
|lout|s20^ 

2.0 
4.5 
6.0 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

V 

V|L 

Maximum  Low-Level  Input 
Voltage 

VOut  =  0.1  Vor  Vcc-0.1  V 

IWIsaoaA 

2.0 
4.5 
6.0 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

V 

VOH 

Minimum  High-Level  Output 
Voltage 

Vin  =  V|HorV|L 
Houtl=S»*A 

2.0 
4.5 
6.0 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

V 

Vin  =  V|H  orV|L  lloutlsS.OmA 
|l0utl  S7.8  mA 

4.5 
6.0 

3.98 
5.48 

3.84 
5.34 

3.70 
5.20 

vol 

Maximum  Low-Level  Output 
Voltage 

Vin  =  V,H  or  V|L 
|lout|s20^A 

2.0 
4.5 
6.0 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

V 

Vin  =  V|HorViL            ll^,!  <;6.0  mA 
|lout|<7.8  mA 

4.5 
6.0 

0.26 
0.26 

0.33 
0.33 

0.40 
0.40 

'in 

Maximum  Input  Leakage  Current 

Vin  =  Vcc  or  GND 

6.0 

±0.1 

±1.0 

±1.0 

mA 

iqz 

Maximum  Three-State  Leakage 
Current 

Output  in  High-Impedance  State 
Vin  =  V,L  or  V,H 
Vout  =  VCC  or  GND 

6.0 

±0.5 

±5.0 

±10.0 

(■A 

ice 

Maximum  Quiescent  Supply 
Current  (per  Package) 

Vin  =  Vccor  GND 
(out=0«A 

6.0 

8 

80 

160 

HA 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 


MOTOROLA  HIGH-SPEED  CMOS  LOGIC  DATA 

5-406 


MC54/74HC574 


AC  ELECTRICAL  CHARACTERISTICS  (CL  =  50  pF,  Input  tf  =  tf  =  6  ns) 


vCc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

X'Cto 
-SS'C 

<86°C 

<125°C 

Unit 

'max 

Maximum  Clock  Frequency  (50%  Duty  Cycle) 
(Figures  1  and  4) 

2.0 
4.5 
6.0 

6.0 
30 
35 

4.8 
24 
28 

4.0 
20 
24 

MHz 

tPLH. 
«PHL 

Maximum  Propagation  Delay,  Clock  to  Q 
(Figures  1  and  4) 

2.0 
4.5 
6.0 

175 
35 
30 

220 
44 

37 

265 
53 
45 

ns 

tPLZ. 
'PHZ 

Maximum  Propagation  Delay,  Output  Enable  to  Q 
(Figures  2  and  5) 

2.0 
4  5 
6.0 

150 
30 
26 

190 
38 
33 

225 
45 
38 

ns 

»PZL. 
»PZH 

Maximum  Propagation  Delay,  Output  Enable  to  Q 
(Figures  2  and  51 

2  0 
4.5 
6.0 

150 
30 
26 

190 
38 
33 

225 
45 
38 

<TLH. 

•thl 

Maximum  Output  Transition  Time,  Any  Output 
(Figures  1  and  4) 

2.0 
4.5 
6.0 

60 
12 
10 

75 
15 
13 

90 
18 
15 

ns 

Cin 

Maximum  Input  Capacitance 

10 

10 

10 

pF 

Cout 

Maximum  Three-State  Output  Capacitance  (Output  in  High-Impedance 
State) 

15 

15 

15 

pF 

NOTES: 

1.  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 

CPD 

Power  Dissipation  Capacitance  (Per  Flip-Flopl 

Typical  ( 

2  25°C.  VCC  =  5.0V 

Used  to  determine  the  no-load  dynamic  power  consumption: 
pD  =  CpD  Vcc^f+ICC  VCC 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

38 

pF 

TIMING  REQUIREMENTS  (Input  t,  =  t,  =  6  ns) 

vcc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

25°C  to 
-55°C 

£85°C 

=s125°C 

Unit 

tsu 

Minimum  Setup  Time,  Data  to  Clock 
(Figure  3) 

2.0 
4.5 
6.0 

100 
20 
17 

125 
25 
21 

150 
30 
26 

ns 

'h 

Minimum  Hold  Time,  Clock  to  Data 
(Figure  3) 

2.0 
4.5 
6.0 

5 
5 
5 

5 

5 
5 

5 
5 
5 

ns 

t» 

Minimum  Pulse  Width,  Clock 
(Figure  1) 

2.0 
4.5 
6.0 

80 
16 
14 

100 
20 
17 

120 
24 
20 

ns 

tr,  tf 

Maximum  Input  Rise  and  Fall  Times 
(Figure  1) 

2.0 
4.5 
6.0 

1000 
500 
400 

1000 
500 
400 

1000 
500 
400 

ns 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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FIGURE  4  —  TEST  CIRCUIT 


*  Includes  all  probe  and  jig  capacitance. 


FIGURE  5  -  TEST  CIRCUIT 
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EXPANDED  LOGIC  DIAGRAM 
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I 


MOTOROLA 

SEMICONDUCTOR 

TECHNICAL  DATA 


8-Bit  Serial-  or  Parallel-Input/ 
Serial-Output  Shift  Register  with 
3-State  Output 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC589  is  similar  in  function  to  the  HC597.  which  is  not  a  3-state 
device.  The  device  inputs  are  compatible  with  standard  CMOS  outputs;  with  pullup 
resistors,  they  are  compatible  with  LSTTL  outputs. 

This  device  consists  of  an  8-bit  storage  latch  which  feeds  parallel  data  to  an  8-bit 
shift  register.  Data  can  also  be  loaded  serially  (see  Function  Table).  The  shift  regis- 
ter output,  Q(-|,  is  a  three-state  output,  allowing  this  device  to  be  used  in  bus- 
oriented  systems. 

The  HC589  directly  interfaces  with  the  Motorola  SPI  serial  data  port  on  CMOS 
MPUs  and  MCUs. 

•  Output  Drive  Capability:  15  LSTTL  Loads 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1  ftA 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  526  FETs  or  131.5  Equivalent  Gates 


MC54/74HC589 


J  SUFFIX 

CERAMIC 

CASE  620 

16        If  |[  |l  I'  1 

|            N  SUFFIX 

PLASTIC 

CASE  648 

D  SUFFIX 

SOIC 

CASE  751 

ORDERING  INFORMATION 

MC74HCXXXN  Plastic 

MC54HCXXXJ  Ceramic 

MC74HCXXXD  SOIC 

TA  =  -  5B°  to  125°C  for  all  packages. 

Dimensions  in  Chapter  7. 
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MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

vCc 

DC  Supply  Voltage  (Referenced  to  GNDI 

-0.5  to  +7.0 

V 

Vin 

DC  Input  Voltage  (Referenced  to  GNDI 

-1.5  to  Vqc+  1.5 

V 

Vcut 

DC  Output  Voltage  (Referenced  to  GNDI 

-0.5  to  Vcc +  0.5 

V 

lin 

DC  Input  Current,  per  Pin 

±20 

mA 

•out 

DC  Output  Current,  per  Pin 

+  35 

mA 

'CC 

DC  Supply  Current,  Vcc  and  GND  Pins 

±75 

mA 

PD 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tstq 

Storage  Temperature 

-65  to  +150 

°C 

TL 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package! 

(Ceramic  DIP) 

260 
300 

°c 

*Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
tDerating  -  Plastic  DIP:  -10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -10  mW/'C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjn  and 
Vout  should  be  constrained  to  the 
range  GNDs(Vin  or  VoutlsVCc. 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  Vcc)-  Unused 
outputs  must  be  left  open. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

vcc 

V 

Ta 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

tr.tf 

Input  Rise  and  Fall  Time                          VCc  =  2.0  V 
(Figure  11                                          VCc  =  4.5V 

VCC  =  6.0  V 

0 
0 
0 

1000 
500 
400 

ns 

J  



DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 

Symbol 

Parameter 

Test  Conditions 

VCC 
V 

Guaranteed  Limit 

Unit 

2S°C  to 
-5B°C 

<;85°C 

S125°C 

V|H 

Minimum  High-Level  Input 
Voltage 

Vout  =  0.1  VorVcc-0.1  V 
|lout|  S20 

2.0 
4.5 
6.0 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

V 

V|L 

Maximum  Low-Level  Input 
Voltage 

VOut  =  0.1  Vor  VCC -0.1  V 

2.0 
4.5 
6.0 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

V 

VOH 

Minimum  High-Level  Output 
Voltage 

Vin  =  V|HorV|L 
|loutls20^ 

2.0 
4.5 
6.0 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

V 

Vin  =  V|HorV|L           Moutl  *6.0  mA 
|lout|s7.8  mA 

4.5 
6.0 

3.98 
5.48 

3.84 
5.34 

3.70 
5.20 

vol 

Maximum  Low-Level  Output 
Voltage 

Vin  =  V|Hor  V|L 
|lout|s20^A 

2.0 
4.5 
6.0 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

V 

Vin  =  V|HorV|L            \\wt\ S6.0  mA 
|lout|<7.8  mA 

4.5 
6.0 

0.26 
0.26 

0.33 
0.33 

0.40 
0.40 

'in 

Maximum  Input  Leakage  Current 

Vin  =  VcC°'GND 

6.0 

±0.1 

±1.0 

±1.0 

lOZ 

Maximum  Three-State  Leakage 
Current 

Output  in  High-Impedance  State 
Vin  =  V,LorV|H 
Vout  =  VcC  or  GND 

6.0 

±0.5 

±5.0 

±10.0 

«A 

ice 

Maximum  Quiescent  Supply 
Current  (per  Package) 

Vin  =  VcC  0'  GND 
lout  =  0pA 

6.0 

8 

80 

160 

1* 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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vcc 
v 

Guaranteed  Limit 

Symbol 

Parameter 

25°C  to 

<8S°C 

<125°C 

Unit 

—  55°C 

'max 

Maximum  Clock  Frequency  (50%  Duty  Cycle) 

2.0 

6.0 

4.8 

4.0 

MHz 

(Figures  2  and  8) 

4.5 

30 

24 

20 

6.0 

35 

28 

24 

lPLH' 

Maximum  Propagation  Delay  Latch  Clock  to  Q|-j 

2.0 

210 

265 

315 

ns 

•PHL 

(Figures  1  and  8) 

4.5 

42 

53 

63 

6.0 

36 

45 

54 

'PLH' 

Maximum  Propagation  Delay,  Shift  Clock  to  O.^ 

2.0 

175 

220 

265 

ns 

'PHL 

(Figures  2  and  8) 

4.5 

35 

44 

53 

6.0 

30 

37 

45 

lPLH' 

Maximum  Propagation  Delay,  Serial  Shift/ Parallel  Load  to  Q(-j 

2.0 

175 

220 

265 

ns 

tpHL 

(Figures  4  and  8) 

4.5 

35 

44 

53 

6.0 

30 

37 

*PLZ< 

Maximum  Propagation  Delay,  Output  Enable  to  Q|-j 

2.0 

150 

190 

225 

ns 

'PHZ 

(Figures  3  and  9) 

4.5 

30 

38 

45 

6.0 

33 

38 

TPZL> 

Maximum  Propagation  Delay,  Output  Enable  to  Q[-j 

2.0 

 —  

150 

190 

225 

ns 

'PZH 

(Figures  3  and  91 

4.5 

30 

38 

45 

6.0 

26 

33 

38 

TLH' 

Maximum  Output  Transition  Time,  Any  Output 

2.0 

60 

75 

90 

ns 

'THL 

(Figures  1  and  8) 

4.5 

12 

15 

18 

6.0 

10 

13 

15 

Cin 

Maximum  Input  Capacitance 

- 

10 

10 

10 

pF 

Cout 

Maximum  Three-State  Output  Capacitance  (Output  in  High-Impedance 

15 

15 

15 

pF 

State) 

NOTES: 

1.  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


CPD 

Power  Dissipation  Capacitance  (Per  Package) 

Typical  @ 

25°C,  VCC  =6.0  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 
PD  =  CPD  Vcc^+lcC  vcc 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

50 

pF 
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TIMING  REQUIREMENTS  (Input  tr  =  tf  =  6  ns) 


vCc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

25°C  to 
-55°C 

■  85°  C 

<125°C 

Unit 

«SU 

Minimum  Setup  Time,  A-H  to  Latch  Clock 
(Figure  5) 

2.0 
4.5 
6.0 

100 
20 
17 

125 
25 
21 

150 
30 
26 

ns 

tsu 

Minimum  Setup  Time,  Serial  Data  Input  Sa  to  Shift  Clock 
(Figure  6) 

2.0 
4.5 
6.0 

100 
20 
17 

125 
25 
21 

150 
30 
26 

ns 

«su 

Minimum  Setup  Time,  Serial  Shift/ Parallel  Load  to  Shift  Clock 
(Figure  7) 

2.0 
4.5 
6.0 

100 
20 
17 

125 
25 
21 

150 
30 
26 

ns 

th 

Minimum  Hold  Time,  Latch  Clock  to  A-H 
(Figure  5) 

2.0 
4.5 
6.0 

25 
5 
5 

30 
6 
6 

40 
8 

7 

ns 

th 

Minimum  Hold  Time,  Shift  Clock  to  Serial  Data  Input  Sa 
(Figure  6) 

2.0 
4.5 
6.0 

5 
5 
5 

5 
5 
5 

5 
5 
5 

ns 

th 

Minimum  Hold  Time,  Shift  Clock  to  Serial  Shift/ Parallel  Load 
(Figure  71 

2.0 
4.5 
6.0 

5 
5 
5 

5 
5 
5 

5 
5 
5 

ns 

Minimum  Pulse  Width,  Shift  Clock 
(Figure  2) 

2.0 
4.5 
6.0 

80 
16 
14 

100 
20 
17 

120 
24 
20 

ns 

tw 

Minimum  Pulse  Width,  Latch  Clock 
(Figure  11 

2.0 
4.5 
6.0 

80 
16 
14 

100 
20 
17 

120 
24 
20 

ns 

Minimum  Pulse  Width,  Serial  Shift/ Parallel  Load 
(Figure  4) 

2.0 
4.5 
6.0 

80 
16 
14 

100 
20 
17 

120 
24 
20 

ns 

tr.  tf 

Maximum  Input  Rise  and  Fall  Times 
(Figure  1) 

2.0 
4.5 
6.0 

1000 
500 
400 

1000 
500 
400 

1000 
500 
400 

ns 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 


FUNCTION  TABLE 


Operation 

Inputs 

Resulting  Function 

Output 
Enable 

Serial  Shift/ 
Parallel  Load 

Latch 
Clock 

Shift 
Clock 

Serial 
Input 

sA 

Parallel 
Inputs 
A-H 

Data 
Latch 
Contents 

Shift 
Register 
Contents 

Output 

Qh 

Force  output  into  high-impedance  state 

H 

X 

X 

X 

X 

X 

X 

X 

z 

Load  parallel  data  into  data  latch 

L 

H 

L,  H.-X. 

X 

a-h 

a-h 

U 

u 

Transfer  latch  contents  to  shift  register 

L 

L 

L,  H^N_ 

X 

X 

X 

u 

LRn-*SR|\I 

LRH 

Contents  of  input  latch  and  shift 

L 

H 

L,  H/V. 

L,  H.-N. 

X 

X 

u 

u 

u 

register  are  unchanged 

Load  parallel  data  into  data  latch  and 

L 

L 

y- 

X 

X 

a-h 

a-h 

a-h 

h 

shift  register 

Shift  serial  data  into  shift  register 

L 

H 

X 

D 

X 

* 

SRA=D; 

SRG  — SRH 

SRN  — SRN  +  1 

Load  parallel  data  in  data  latch  and  shift 

L 

H 

D 

a-h 

a-h 

SRA=D; 

SRG  — SRH 

serial  data  into  shift  register 

SRN  — SRN  +  1 

LR  =  latch  register  contents 

SR  =  shift  register  contents 

a-h  =  data  at  parallel  data  inputs  A-H 

D  =  data  (L,  H)  at  serial  data  input 

U  =  remains  unchanged 

X  =  don't  care 

Z  =  high  impedance 

*  = depends  on  Latch  Clock  input 
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SWITCHING  WAVEFORMS 
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FIGURE  8  -  TEST  CIRCUIT 

Test  Point 


*  Includes  all  probe  and  jig  capacitance. 
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FIGURE  9  -  TEST  CIRCUIT 


Connect  to  Wqq  when 
testing  tp[_z  and  tpzi_- 
Connect  to  GND  when 
testing  tpnz  and  tp£H 


•Includes  all  probe  and  jig  capacitance. 


PIN 


DATA  INPUTS 
A,  B,  C,  D,  E,  F,  G,  H  (PINS  15,  1,  2,  3,  4,  5,  6,  7)  - 

Parallel  data  inputs.  Data  on  these  inputs  are  stored  in  the 
data  latch  on  the  rising  edge  of  the  Latch  Clock  input. 

Sa  IPIN  14)  —  Serial  data  input.  Data  on  this  input  is  shifted 
into  the  shift  register  on  the  rising  edge  of  the  Shift  Clock 
input  if  Serial  Shift/ Parallel  Load  is  high.  Data  on  this  input 
is  ignored  when  Serial  Shift/ Parallel  Load  is  low. 


CONTROL  INPUTS 

SERIAL  SHIFT/PARALLEL  LOAD  IPIN  13)  -  Shift  register 
mode  control.  When  a  high  level  is  applied  to  this  pin,  the 
shift  register  is  allowed  to  serially  shift  data.  When  a  low  level 
is  applied  to  this  pin,  the  shift  register  accepts  parallel  data 
from  the  data  latch. 


SHIFT  CLOCK  (PIN  11)  -  Serial  shift  clock.  A  low-to-high 
transition  on  this  input  shifts  data  on  the  serial  data  input  into 
the  shift  register  and  data  in  stage  H  is  shifted  out  Qh-  being 
replaced  by  the  data  previously  stored  in  stage  G. 

LATCH  CLOCK  (PIN  12)  -  Data  latch  clock.  A  low-to-high 
transition  on  this  input  loads  the  parallel  data  on  inputs  A-H 
into  the  data  latch. 

OUTPUT  ENABLE  (PIN  10)  -  Active-low  output  enable.  A 
high  level  applied  to  this  pin  forces  the  Qh  output  into  the 
high  impedance  state.  A  low  level  enables  the  output.  This 
control  does  not  affect  the  state  of  the  input  latch  or  the  shift 
register. 

OUTPUT 

QH  (PIN  9)  -  Serial  data  output.  This  pin  is  the  output  from 
the  last  stage  of  the  shift  register.  This  is  a  3-state  output. 
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LOGIC  DETAIL 


Output  Enable  —  C\^>  D^°~ 


Shift  Clock  ■ 


Serial  Shift/  13 


Parallel  Load 
Latch  Clock  1L^\0_C^>J: 


Parallel 
Data 
Inputs 


r 
n 


4  I 


L 


"->C 


D  Q 


D  Q 
t>C 


Stage  A 

o 


Siage  B 

O 


Stage  C* 
Stage  D* 
Stage  E* 
Stage  F* 


D  Q 


L->C 


Stage  G* 
"Stage  H~ 


s 

>C  Q 
R 

T 


D 

>C  Q 


D 

>C  Q 


VCC 


*NOTE:  Stages  C  thru  G  (not  shown  in  detail)  are  identical  to  stages  A  and  B  above. 


MOTOROLA  HIGH-SPEED  CMOS  LOGIC  DATA 

5-417 


MOTOROLA 
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TECHNICAL  DATA 


8-Bit  Serial-Input/Serial-  or 
Parallel-Output  Shift  Register 
with  Latched  3-State  Outputs 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC595  is  identical  in  pinout  to  the  LS595.  The  device  inputs  are 
compatible  with  standard  CMOS  outputs;  with  pullup  resistors,  they  are  compatible 
with  LSTTL  outputs. 

The  HC595  consists  of  an  8-bit  serial  shift  register  and  an  8-bit  D-type  latch  with 
three-state  parallel  outputs.  The  shift  register  accepts  serial  data  and  provides  a 
serial  output.  The  shift  register  also  provides  parallel  data  to  the  8-bit  latch.  The 
shift  register  and  latch  have  independent  clock  inputs.  This  device  also  has  an  asyn- 
chronous reset  for  the  shift  register. 

The  HC595  directly  interfaces  with  the  Motorola  SPI  serial  data  port  on  CMOS 
MPUs  and  MCUs. 

•  Output  Drive  Capability:  15  LSTTL  Loads 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1  /iA 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  328  FETs  or  82  Equivalent  Gates 


MC54/74HC595 


J  SUFFIX 
CERAMIC 
CASE  620 


N  SUFFIX 
PLASTIC 
CASE  648 


D  SUFFIX 

SOIC 
CASE  751 


ORDERING  INFORMATION 

MC74HCXXXN  Plastic 
MC54HCXXXJ  Ceramic 
MC74HCXXXD  SOIC 

T^=  -55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 
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MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

—  u.;j  10  +  /.u 

V 

vin 

DC  Input  Voltage  (Referenced  to  GND) 

—  1 .0  to  VCC  +  ' 

V 

Vout 

DC  Output  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc +0.5 

V 

lin 

DC  Input  Current,  per  Pin 

+  20 

mA 

'out 

DC  Output  Current,  per  Pin 

±35 

mA 

ice 

DC  Supply  Current,  Vcc  and  GND  Plns 

±75 

mA 

Pd 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tstq 

Storage  Temperature 

-65  to  +150 

°C 

TL 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°C 

♦Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
tDerating  -  Plastic  DIP:  -  10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

VCC 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

vcc 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

tr.  tf 

Input  Rise  and  Fall  Time                        Vcc  =  2.0  v 
(Figure  1)                                          VCc  =  4.5V 

VCc  =  6.0  v 

0 
0 
0 

1000 
500 
400 

ns 

This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjn  and 
Vout  should  be  constrained  to  the 
range  GNDr==(Vin  or  V0Ut)<VCC. 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  Vcc'-  Unused 
outputs  must  be  left  open. 


DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 


Symbol 

Parameter 

Test  Conditions 

vcc 

V 

Guaranteed  Limit 

Unit 

25°Cto 
-55°C 

<85°C 

<125°C 

V|H 

Minimum  High-Level  Input 
Voltage 

Vout  =  0.1  Vor  Vcc-0.1  V 
|lout|<;20»iA 

2.0 
4.5 
6.0 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

V 

V|L 

Maximum  Low-Level  Input 
Voltage 

Vout  =  0.1  Vor  Vcc-0.1  V 
|lout|  S20  nA 

2.0 
4.5 
6.0 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

V 

VOH 

Minimum  High-Level  Output 
Voltage,  Qa-Qh 

Vin  =  V|H  or  V|L 
[lout|s20^A 

2.0 
4.5 
6.0 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

V 

Vin  =  V|HorV|L  |lout|<6.0mA 
|lout|<7.8  mA 

4.5 
6.0 

3.98 
5.48 

3.84 
5.34 

3.70 
5.20 

vol 

Maximum  Low-Level  Output 
Voltage,  Qa-Qh 

Vin  =  V|H  or  V|L 
|lout|<20^A 

2.0 
4.5 
6.0 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

0.1 

0.1 
0.1 

V 

Vin  =  V|HorV|L  |lout|s6.0mA 
Hou«l^.8mA 

4.5 
6.0 

0.26 
0.26 

0.33 
0.33 

0.40 
0.40 
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Symbol 

Parameter 

Test  Conditions 

v 

25°C  to 

-  35  C 

<  125  C 

Unit 

-55°C 

VOH 

Minimum  Htgh-Level  Output 

Vin  =  V|H  or  V|L 

2.0 

1.9 

1.9 

1.9 

V 

Voltage,  SQH 

|lout|<20^ 

4.5 

4.4 

4.4 

4.4 

6.0 

5.9 

5.9 

5.9 

Vin  =  V|HorV|L  |lout|<4.0mA 

4.5 

3.98 

3.84 

3.70 

|lout|s5.2  mA 

6.0 

5.48 

5.34 

5.20 

vol 

Maximum  Low-Level  Output 

Vin  =  V|H  or  V|L 

2.0 

0.1 

0.1 

0.1 

V 

Voltage,  SQh 

|lou,|<20/lA 

4.5 

0.1 

0.1 

0.1 

6.0 

0.1 

0.1 

0.1 

Vin  =  V|HorV|L  |lout|<4.0mA 

4.5 

0.26 

0.33 

0.40 

|lout|<5.2  mA 

6.0 

0.26 

0.33 

0.40 

Maximum  Input  Leakage  Current 

Vin  =  VcC  or  GND 

6.0 

+  0.1 

±1.0 

±1.0 

(■A 

!OZ 

Maximum  Three-State  Leakage 

Output  in  High-Impedance  State 

6.0 

±0.5 

±5.0 

±10.0 

Current,  O.A-0-H 

Vin  =  V,L  or  V|H 

Vout  =  VCC  °r  GN° 

ice 

Maximum  Quiescent  Supply 

Vin  =  VCCOrGND 

6.0 

8 

80 

160 

pA 

Current  (per  Package) 

lout  =  0^A 

NOTE:  Infor 

mation  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  pag 

e4-2. 

AC  ELECTRICAL  CHARACTERISTICS  (CL  =  50  pF,  Input  tr  =  tf  =  6  ns) 

vcc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

25°C  to 
-S5°C 

s85°C 

S125-C 

Unit 

fmax 

Maximum  Clock  Frequency  (50%  Duty  Cycle) 

2.0 

6.0 

4.8 

4.0 

MHz 

(Figures  1  and  7) 

4.5 

30 

24 

20 

6.0 

35 

28 

24 

'PLH- 

Maximum  Propagation  Delay,  Shift  Clock  to  SQh 

2.0 

210 

265 

315 

ns 

tPHL 

(Figures  1  and  7) 

4.5 

42 

53 

63 

6.0 

36 

45 

54 

»PHL 

Maximum  Propagation  Delay,  Reset  to  SQh 

2.0 

175 

220 

265 

ns 

(Figures  2  and  7) 

4.5 

35 

44 

53 

6.0 

30 

37 

45 

'PLH. 

Maximum  Propagation  Delay,  Latch  Clock  to  Q^-Qh 

2.0 

175 

220 

265 

ns 

«PHL 

(Figures  3  and  7) 

4.5 

35 

44 

53 

6.0 

30 

37 

45 

tpLZ. 

Maximum  Propagation  Delay,  Output  Enable  to  Qa-Qh 

2.0 

150 

190 

225 

ns 

'PHZ 

(Figures  4  and  8) 

4.5 

30 

38 

45 

6.0 

26 

33 

38 

tPZL. 

Maximum  Propagation  Delay,  Output  Enable  to  Qa-Qh 

2.0 

150 

190 

225 

ns 

<PZH 

(Figures  4  and  8) 

4.5 

30 

38 

45 

6.0 

26 

33 

38 

TLH. 

Maximum  Output  Transition  Time,  Qa-Qh 

2.0 

60 

75 

90 

ns 

•thl 

(Figures  3  and  7) 

4.5 

12 

15 

18 

6.0 

10 

13 

15 

tTLH- 

Maximum  Output  Transition  Time,  SQh 

2.0 

75 

95 

110 

ns 

•thl 

(Figures  1  and  7) 

4.5 

15 

19 

22 

6.0 

13 

16 

19 

Cin 

Maximum  input  Capacitance 

10 

10 

10 

pF 

cout 

Maximum  Three-State  Output  Ca 

nacitance  (Output  in  High-Impedance 

15 

15 

15 

pF 

State),  Qa-Qh 

NOTES: 

1.  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


CPD 

Power  Dissipation  Capacitance  (Per  Package) 

Typical  @  25°  C,  VCC  =  5.0V 

Used  to  determine  the  no-load  dynamic  power  consumption: 

PD  =  CpD  Vcc2' +  ice  Vcc 

300 

pF 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 
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TIMING  REQUIREMENTS  (Input  tr  =  t(  =  6  ns) 


vCc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

2S°C  to 

-  85  C 

Unit 

-55°C 

lsu 

Minimum  Setup  Time,  Serial  Data  Input  A  to  Shift  Clock 

2.0 

100 

125 

150 

ns 

(Figure  5) 

4.5 

20 

25 

30 

6.0 

17 

21 

26 

'su 

Minimum  Setup  Time,  Shift  Clock  to  Latch  Clock 

2.0 

100 

125 

150 

ns 

(Figure  6) 

4.5 

20 

25 

30 

6.0 

17 

21 

26 

<h 

Minimum  Hold  Time,  Shift  Clock  to  Serial  Data  Input  A 

2.0 

5 

5 

5 

ns 

(Figure  5) 

4.5 

5 

5 

5 

6.0 

5 

5 

5 

Vec 

Minimum  Recovery  Time,  Reset  Inactive  to  Shift  Clock 

2.0 

50 

65 

75 

ns 

(Figure  2) 

4.5 

10 

13 

15 

6.0 

9 

11 

13 

tw 

Minimum  Pulse  Width,  Reset 

2.0 

80 

100 

120 

ns 

(Figure  21 

4.5 

16 

20 

24 

6.0 

14 

17 

20 

«w 

Minimum  Pulse  Width,  Shift  Clock 

2.0 

80 

100 

120 

ns 

(Figure  1) 

4.5 

16 

20 

24 

6.0 

14 

17 

20 

tw 

Minimum  Pulse  Width,  Latch  Clock 

2.0 

80 

100 

120 

ns 

(Figure  6) 

4.5 

16 

20 

24 

6.0 

14 

17 

20 

tr.  tf 

Maximum  input  Rise  and  Fall  Times 

2.0 

1000 

1000 

1000 

ns 

(Figure  1) 

4.5 

500 

500 

500 

6.0 

400 

400 

400 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 


FUNCTION  TABLE 


Operation 

Inpi 

ts 

Resulting  Fu 

notion 

Reset 

Serial 
Input 
A 

Shift 
Clock 

Latch 
Clock 

Output 
Enable 

Shift 
Register 
Contents 

Latch 
Register 
Contents 

Serial 
Output 
SQH 

Parallel 
Outputs 

Qa-Qh 

Reset  shift  register 

L 

X 

X 

L,  H,"V. 

L 

L 

U 

L 

u 

Shift  data  into  shift  register 

H 

D 

L,  H,^. 

L 

d  — sRa; 

U 

SRG  — SRH 

u 

SRN  — SRn  +  1 

Shift  register  remains  unchanged 

H 

X 

L,  H,  "i 

L.  H,~\- 

L 

u 

u 

U 

u 

Transfer  shift  register  contents  to 

H 

X 

L,  H,  ~\ 

L 

u 

SRN—  LRn 

u 

SRN 

latch  register 

Latch  register  remains  unchanged 

X 

X 

X 

L,  H,-\_ 

L 

m 

u 

* 

u 

Enable  parallel  outputs 

X 

X 

X 

X 

L 

# 

#  * 

Enabled 

Force  outputs  into  high- 

X 

X 

X 

X 

H 

* 

#  * 

Z 

impedance  state 

SR  =  shift  register  contents  D  =  data  (L,  H)  logic  level         X  =  don'tcare  *  =  depends  on  Reset  and  Shift  Clock  inputs 

LR  =  latch  register  contents  U  =  remains  unchanged  Z  =  high  impedance  **  =  depends  on  Latch  Clock  input 


INPUTS 

A  (Pin  14)  —  Serial  Data  Input.  The  data  on  this  pin  is 
shifted  into  the  8-bit  serial  shift  register. 


CONTROL  INPUTS 

Shift  Clock  (Pin  11)  -  Shift  Register  Clock  Input.  A  low- 
to-high  transition  on  this  input  causes  the  data  at  the  Serial 
Input  pin  to  be  shifted  into  the  8-bit  shift  register. 

Reset  (Pin  10)  -  Active-low,  Asynchronous,  Shift 
Register  Reset  Input.  A  low  on  this  pin  resets  the  shift 
register  portion  of  this  device  only.  The  8-bit  latch  is  not  af- 
fected. 

Latch  Clock  (Pin  12)  -  Storage  Latch  Clock  Input.  A  low- 
to-high  transition  on  this  input  latches  the  shift  register  data. 


PIN  DESCRIPTIONS 

Output  Enable  (Pin  13)  -  Active-low  Output  Enable.  A 
low  on  this  input  allows  the  data  from  the  latches  to  be 
presented  at  the  outputs.  A  high  on  this  input  forces  the  out- 
puts (Qa-Qh1  in,°  'he  high-impedance  state.  The  serial  out- 
put is  not  affected  by  this  control  input. 


OUTPUTS 

QA-QH  (pins  15,  1,  2,  3,  4,  5,  6,  7)  -  Noninverted, 
3-state,  latch  outputs. 

SQh  (Pin  9)  -  Noninverted,  Serial  Data  Output.  This  is 
the  output  of  the  eighth  stage  of  the  8-bit  shift  register.  This 
output  does  not  have  three-state  capability. 
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SWITCHING  WAVEFORMS 
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*  Includes  all  probe  and  jig  capacitance 


*  Includes  all  probe  and  jig  capacitance 
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EXPANDED  LOGIC  DIAGRAM 
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TIMING  DIAGRAM 
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NOTE:  KX3  implies  that  the  output  is  in  a  high-impedance  state. 
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8-Bit  Serial-  or  Parallel-Input/ 
Serial-Output  Shift  Register  With 
Input  Latch 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC597  is  identical  in  pinout  to  the  LS597.  The  device  inputs  are 
compatible  with  standard  CMOS  outputs;  with  pullup  resistors,  they  are  compatible 
with  LSTTL  outputs. 

This  device  consists  of  an  8-bit  input  latch  which  feeds  parallel  data  to  an  8-bit 
shift  register.  Data  can  also  be  loaded  serially  Isee  Function  Table). 

The  HC597  is  similar  in  function  to  the  HC589,  which  is  a  3-state  device. 

•  Output  Drive  Capability:  10  LSTTL  Loads 

•  Outputs  Directly  Interface  to  CMOS.  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1  /jA 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  516  FETs  or  129  Equivalent  Gates 


MC54/74HC597 


16         [  ||  |l  I'  " 

J  SUFFIX 
CERAMIC 
CASE  620 

|            N  SUFFIX 
PLASTIC 
CASE  648 

i 

D  SUFFIX 

SOIC 
CASE  751 

ORDERING  INFORMATION 

MC74HCXXXN  Plastic 
MC54HCXXXJ  Ceramic 
MC74HCXXXD  SOIC 

T^=  -55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 
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PIN  ASSIGNMENT 
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MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC  Supply  Voltage  (Referenced  to  GNDI 

-0.5  to  +7.0 

V 

vin 

DC  Input  Voltage  (Referenced  to  GND) 

-  1.5  to  Vcc  +  T-5 

V 

Vout 

DC  Output  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc +0.5 

V 

■in 

DC  Input  Current,  per  Pin 

±20 

mA 

'out 

DC  Output  Current,  per  Pin 

±25 

mA 

ice 

DC  Supply  Current,  Vcc  and  GND  P'"8 

+  50 

mA 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tstg 

Storage  Temperature 

-65  to  +150 

°C 

tl 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°C 

*  Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
tDersting  -  Plastic  DIP:  -10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -  10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjn  and 
Vout  should  be  constrained  to  the 
range  GND  <(Vjn  or  V0Ut)<VCC. 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  Vcc).  Unused 
outputs  must  be  left  open. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

vcc 

V 

TA 

Operating  Temperature,  All  Package  Typos 

-55 

+  125 

°c 

tr.  tf 

Input  Rise  and  Fall  Time                          Vcc  =  2.0  V 
(Figure  1)  VCC=4.5V 

VCC  =  6.0  V 

0 
0 
0 

1000 
500 
4O0 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 


vcc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

Test  Conditions 

25°Cto 

<85°C 

<125°C 

Unit 

-55<>C 

V|H 

Minimum  High-Level  Input 

Vou,  =  0.1  Vor  VCC- 

0.1  V 

2.0 

1.5 

1.5 

1.5 

V 

Voltage 

|lout|<20/1A 

4.5 

3.15 

3.15 

3.15 

6.0 

4.2 

4.2 

4.2 

V|L 

Maximum  Low-Level  Input 

Vou,  =  0.1  Vor  VCC- 

0.1  V 

2.0 

0.3 

0.3 

0.3 

V 

Voltage 

|lout|<20/<A 

4.5 

0.9 

0.9 

0.9 

6.0 

1.2 

1.2 

1.2 

VOH 

Minimum  High-Level  Output 

Vin  =  V,H  or  V,L 

2.0 

1.9 

1.9 

1.9 

V 

Voltage 

|lout|<20,<A 

4.5 

4.4 

4.4 

4.4 

6.0 

5.9 

5.9 

5.9 

Vin  =  V|H  or  V|L 

|lout|s4.0  mA 

4.5 

3.98 

3.84 

3.70 

|lout|<5.2  mA 

6.0 

5.48 

5.34 

5.20 

vol 

Maximum  Low-Level  Output 

Vin  =  V,H  or  V|L 

2.0 

0.1 

0.1 

0.1 

V 

Voltage 

|lout|<20^A 

4.5 

0.1 

0.1 

0.1 

6.0 

0.1 

0.1 

0.1 

Vin  =  V|H  or  V|L 

I  lout  I  S4.0  mA 

4.5 

0.26 

0.33 

0.40 

|l0ut|s5.2  mA 

6.0 

0.26 

0.33 

0.40 

'in 

Maximum  Input  Leakage  Current 

Vin  =  VCC  or  GND 

6.0 

±0.1 

±1.0 

±1.0 

MA 

ice 

Maximum  Quiescent  Supply 

Vin  =  VCC  o'  GND 

6.0 

8 

80 

160 

Current  (per  Package) 

lou,  =  0,iA 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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AC  ELECTRICAL  CHARACTERISTICS  <CL  =  50  pF,  Input  tr  =  tf  =  6  ns) 


Vcc 

v 

Guaranteed  Limit 

Symbol 

Parameter 

25°C  to 

<85°C 

<12S°C 

Unit 

—  55°  C 

'max 

Maximum  Clock  Frequency  (50%  Duty  Cycle) 

2.0 

6.0 

4.0 

MHz 

(Figures  2  and  81 

4.5 

30 

24 

20 

6.0 

35 

28 

24 

'PLH< 

Maximum  Propagation  Delay,  Latch  Clock  to  Qh 

2.0 

210 

265 

315 

ns 

tpHL 

(Figures  1  and  8) 

4.5 

42 

53 

63 

6.0 

36 

45 

54 

lPLH' 

Maximum  Propagation  Delay,  Shift  Clock  to  Qh 

2.0 

175 

220 

265 

ns 

tpHL 

(Figures  2  and  8) 

4.5 

35 

44 

53 

6.0 

30 

37 

45 

lPHL 

Maximum  Propagation  Delay,  Reset  to  Qh 

2.0 

175 

220 

265 

ns 

(Figures  3  and  81 

4.5 

35 

44 

53 

6.0 

30 

37 

45 

•PLH. 

Maximum  Propagation  Delay,  Serial  Shift/ Parallel  Load  to  Qh 

2.0 

175 

220 

265 

ns 

•PHL 

(Figures  4  and  8) 

4.5 

35 

44 

53 

6.0 

30 

37 

45 

ftiLH. 

Maximum  Output  Transition  Time,  Any  Output 

2.0 

76 

95 

110 

ns 

'THL 

(Figures  1  and  8) 

4.5 

15 

19 

22 

6.0 

13 

16 

19 

Cin 

Maximum  Input  Capacitance 

10 

10 

10 

PF 

NOTES: 

1 .  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


CpD 

Power  Dissipation  Capacitance  (Per  Package) 

Typical  @  25°C.  VCC  =  5  0  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 

PD=CPD  Vcc2f+lcc  VCc 

50 

pF 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

PIN  DESCRIPTIONS 


DATA  INPUTS 

A.  B.  C,  D.  E,  F,  G,  H  (PINS  15,  1.  2.  3,  4,  5.  6,  7)  - 
Parallel  data  inputs.  Data  on  these  inputs  is  stored  in  the  input 
latch  on  the  rising  edge  of  the  Latch  Clock  input. 

Sa  (PIN  14)  -  Serial  data  input.  Data  on  this  input  is  shifted 
into  the  shift  register  on  the  rising  edge  of  the  Shift  Clock 
input  if  Serial  Shift/Parallel  Load  is  high.  Data  on  this  input 
is  ignored  when  Serial  Shift/ Parallel  Load  is  low. 

CONTROL  INPUTS 

SERIAL  SHIFT/PARALLEL  LOAD  (PIN  13)  -  Shift 
register  mode  control.  When  a  high  level  is  applied  to  this  pin, 
the  shift  register  is  allowed  to  serially  shift  data.  When  a  low 
level  is  applied  to  this  pin,  the  shift  register  accepts  parallel 
data  from  the  input  latch,  and  serial  shifting  is  inhibited. 


RESET  (PIN  10)  —  Asynchronous,  Active-low  shift  register 
reset.  A  low  level  applied  to  this  input  resets  the  shift  register 
to  a  low  level,  but  does  not  change  the  data  in  the  input  latch. 

SHIFT  CLOCK  (PIN  11)  -  Serial  shift  register  clock.  A 
low-to-high  transition  on  this  input  shifts  data  on  the  Serial 
Data  Input  into  the  shift  register  and  data  in  stage  H  is  shifted 
out  Qh,  being  replaced  by  the  data  previously  stored  in  stage 
G. 

LATCH  CLOCK  (PIN  12)  -  Latch  clock.  A  low-to-high 
transition  on  this  input  loads  the  parallel  data  on  inputs  A-H 
into  the  input  latch. 

OUTPUT 

QH  (PIN  9)  —  Serial  data  output.  This  pin  is  the  output 
from  the  last  stage  of  the  shift  register. 
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V 

<85*C 

-S5°C 

Minimum  Setup  Time,  Parallel  Data  Inputs  A-H  to  Latch  Clock 

2.0 

100 

125 

150 

ns 

(Figure  51 

4.5 

20 

25 

30 

6.0 

17 

21 

26 

•su 

Minimum  Setup  Time,  Serial  Data  Input  Sa  to  Shift  Clock 

2.0 

100 

125 

150 

ns 

(Figure  6) 

4.5 

20 

25 

30 

6.0 

17 

21 

26 

Minimum  Setup  Time,  Serial  Shift/ Parallel  Load  to  Shift  Clock 

2.0 

100 

125 

150 

ns 

(Figure  71 

4.5 

20 

25 

30 

6.0 

17 

21 

26 

<h 

Minimum  Hold  Time,  Latch  Clock  to  Parallel  Data  Inputs  A  H 

2.0 

25 

30 

40 

ns 

(Figure  5) 

4.5 

5 

6 

8 

6.0 

5 

6 

7 

lh 

Minimum  Hold  Time,  Shift  Clock  to  Serial  Data  Input  Sa 

2.0 

5 

5 

5 

ns 

(Figure  6) 

4.5 

5 

5 

5 

6.0 

5 

5 

5 

Minimum  Recovery  Time,  Reset  inactive  to  Shift  Clock 

2.0 

100 

125 

150 

.ns 

(Figure  31 

4.5 

20 

25 

30 

6.0 

17 

21 

26 

'w 

Minimum  Pulse  Width,  Latch  Clock  and  Shift  Clock 

2.0 

80 

100 

120 

ns 

(Figures  1  and  2  ) 

4.5 

16 

20 

24 

6.0 

14 

17 

20 

tw 

Minimum  Pulse  Width,  Reset 

2.0 

80 

100 

120 

ns 

(Figure  3) 

4.5 

16 

20 

24 

6.0 

14 

17 

20 

tw 

Minimum  Pulse  Width,  Serial  Shift/ Parallel  Load 

2.0 

80 

100 

120 

ns 

(Figure  4} 

4.5 

16 

20 

24 

6.0 

14 

17 

20 

tr-  tf 



Maximum  Input  Rise  and  Fali  Times 

2.0 

1000 

1000 

1000 

ns 

(Figure  1) 

4.5 

500 

500 

500 

6.0 

400 

400 

400 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 


FUNCTION  TABLE 


Operation 

Inputs 

Resulting  Function 

Reset 

Serial  Shift/ 
Parallel  Load 

Latch 
Clock 

Shift 
Clock 

Serial 
Input 

sA 

Parallel 
Inputs 
A-H 

Latch 
Contents 

Shift 
Register 
Contents 

Output 

Qh 

Reset  shift  register 

L 

X 

L, 

H,"^ 

X 

X 

X 

U 

L 

L 

Reset  shift  register;  load  parallel 

L 

X 

X 

X 

a-h 

a-h 

L 

L 

data  into  data  latch 

Load  parallel  data  into  data  latch 

H 

H 

L,  H^ 

X 

a-h 

a-h 

fcU ,  ' 

U 

Transfer  latch  contents  to  shift 

H 

L 

L, 

X 

X 

X 

U 

LR[s|  —  SRfg 

LRH 

register 

Contents  of  data  latch  and  shift 

H 

H 

L, 

H,~V 

L,  H,~V_ 

X 

X 

U 

U 

U 

register  are  unchanged 

Load  parallel  data  into  data  latch 

H 

L 

X 

X 

a-h 

a-h 

a-h 

h 

and  shift  register 

Shift  serial  data  into  shift  register 

H 

H 

X 

D 

X 

* 

SRA=D; 

SRG  — SRH 

SRN  —  SRN  +  1 

Load  parallel  data  into  data  latch 

H 

H 

D 

a-h 

a-h 

SRa  =  D; 

SRG  — SRH 

and  shift  serial  data  into  shift 

SRN  — SRN  +  i 

register 

LR  =  latch  register  contents  U  =  remains  unchanged 

SR  =  shift  register  contents  X  ==  don't  care 

a-h  =  data  at  parallel  data  inputs  A-H  *  =  depends  on  latch  clock  input 

D  =  data  (L,  H)  at  serial  data  input  Sa 
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SWITCHING  WAVEFORMS 


FIGURE  1-(Serial  Shift/ Parallel  Load  =  U 
<  tw  > 


FIGURE  2-(Serial  Shift/Parallel  Load  =  H) 


Latch  Clock 


90% 
50% 
10% 


-'PLH  tpHL- 


-VCC 

-GND 


 /10% 

— >|  tTLH 


-'THL 


Qh 


Shift  Clock 


«-tp 

\so% 


-Vcc 


 GND 


-tree 


Parallel  Data 

A-l 


h*  Valid  w 

U—  tsu    »|«   'h— »| 


Latch  Clock 


^50% 


VCC 


GND 


VCC 


  GND 


Shift  Clock 


-t»  *■ 


Qh 


50% 


V 


-IPLH  tpHL 


'VCC 
GND 


FIGURE4 


Serial  Shift/ 
Parallel  Load 


Qh 


X 


"IPLH 


GND 


50% 


'  'PHL 


FIGURE  6 


Serial  Data 
Input  Sa 


M  Valid  *t 

j^o%  PK 
U— tsu  »i«  th— *\ 


Shift  Clock 


y 


vcc 


GND 


vCc 


Serial  Shift/ 
Parallel  Load 


J£50% 

— lsu 


j  ^50% 


vCc 

GND 
VCC 
GND 


FIGURE  8  -  TEST  CIRCUIT 

Test  Point 


*  Includes  all  probe  and  jig  capacitance 
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EXPANDED  LOGIC  DIAGRAM 


Serial  Data  14 
Input.  Sa 


Shift  Clock  • 


Reset  ■ 


■C>H> 
O- 


Serial  Shift/  13 
Parallel  Load 


Latch  Clock 


Parallel 
Data 
Inputs 


r 


L 


4  I 


D  Q 
>C 


D  Q 
f->C 


Stage  A 

o 


Stage  B 


1 


D  s 

>C  Q 
R 

Y 


>C    Q  — 1 

R 


Stage  C» 


Stage  D» 
Stage  E* 


Stage  F* 


D  Q 


"->C 


Stage  G* 
Stage  H 


--i 


1  r=r  J 

NOTE:  Stages  C  thru  G  (not  shown  in  detail!  are  identical  to  stages  A  and  B  above. 
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TIMING  DIAGRAM 


Shift  Clock 


Serial  Data 
Input.  Sa 


"1  

~LJ  


Latch  Clock 


f  A  I 


Parallel 
Data 
Inputs 


11 


C  I 


H  I 


Jl 


U 


h^SW'serial  Shift  *J  ^ 
'   Shift   1  ' 

Register 


FTLJ 


IT 


Jl 


•  serial  sniTt** 

t  t 


H  H  |    L   |  H 

 Serial  Shift 


L   I   H   I  L 


1  f 


H  I  L         L  L. 


t  t 


f*— Serial  Shift-*) 


|*Serial  Shift! 


Load  Latch    Parallel  Load 
Shift  F 


Load  Latch  Parallel  Load 

Shift  Register 


Parallel  Load  Latch 
and  Shift  Register 
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Product  Preview 

Octal  3-State  Inverting  Bus 
Transceiver 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC620  is  identical  in  pinout  to  the  LS620.  The  device  inputs  are 
compatible  with  standard  CMOS  outputs;  with  pullup  resistors,  they  are  compatible 
with  LSTTL  outputs. 

The  HC620  is  a  3-state  inverting  transceiver  that  is  used  for  2-way  asynchronous 
communication  between  data  buses.  Data  is  transmitted  from  Port  A  to  Port  B  or 
from  Port  B  to  Port  A,  depending  upon  the  levels  of  the  two  output  enable  inputs, 
OEA  and  OEB.  When  both  of  these  inputs  are  enabled,  the  HC620  is  able  to  store 
the  data  on  data  ports  A  and  B,  provided  all  other  data  sources  to  the  two  sets  of 
bus  lines  are  in  the  high  impedance  state. 

•  Output  Drive  Capability:  15  LSTTL  Loads 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1  /iA 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  202  FETs  or  50.5  Equivalent  Gates 


^MSSft       J  SUFFIX 

oggSS 

l*fljyY\  CERAMIC 

FWifl 

"if!!  II1        CASE  732 

20  111 

|  11  ■ 

r 

tf^flfic       N  SUFFIX 

W  tW\  1  PLASTIC 

Vmil        CASE  738 

-Till 

[  M  " 

DW  SUFFIX 

JRl  SOIC 

1 

W^"'              CASE  751 D 

ORDERING  INFORMATION 

MC74HCXXXN  Plastic 

MC54HCXXXJ  Ceramic 

MC74HCXXXDW  SOIC 

TA  =  _  55 

0  to  125°C  for  all  packages. 

Dimensions  in  Chapter  7. 

A 

DATA 
PORT 


OUTPUT 
ENABLES 


Al 

A2 
A3 
A4  - 
A5  ■ 
A6 
A7 
A8  - 

|  OEB  ■ 
!  OEA  - 


LOGIC  DIAGRAM 


2 

18 

3  mm 

17 

4  <B 

16 

5  <fc 

15 

6  <fc 

14 

7 

13 

8 

12 

9 

11 

PIN  20  =  VCC 
PIN  10  =  GND 


DATA 


PIN  ASSIGNMENT 


0EB[ 

1  • 

20 

lvCc 

A1[ 

2 

19 

1  OEA 

A2[ 

3 

18 

]B1 

A3[ 

4 

17 

]B2 

A4[ 

5 

16 

]B3 

A5[ 

6 

15 

]B4 

A6[ 

7 

14 

]B5 

A7[ 

8 

13 

]B6 

A8[ 

9 

12 

]B7 

gnd[ 

10 

11 

]B8 

FUNCTION  TABLE 


Output  Enables 

Operation 

OEB 

OEA 

L 

L 

Data  transmitted  from  Port 

B  to  Port  A  (inverted) 

H 

H 

Data  transmitted  from  Port 

A  to  Port  B  (inverted) 

L 

H 

Buses  isolated  (High- 

Impedance  State) 

H 

L 

Data  transmitted  from  Port 

B  to  Port  A  (inverted)  and 

from  Port  A  to  Port  B 

(inverted) 

This  document  contains  information  on  a  product  under  development.  Motorola  reserves  the  right  to  change  or  discontinue  this  product  without  notice. 
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MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GNDI 

-0.5  to  +7.0 

V 

Vin 

DC  Input  Voltage  (Referenced  to  GND),  Pin  1  or  19 

-1.5  to  Vcc  +  1.5 

V 

V|/0 

DC  I/O  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc +  0.5 

V 

'in 

DC  Input  Current,  per  Pin  1  or  19 

±20 

mA 

'I/O 

DC  I/O  Current,  per  I/O  Pin 

±35 

mA 

ice 

DC  Supply  Current,  Vcc  and  GND  pins 

±75 

mA 

PD 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tstq 

Storage  Temperature 

-65  to  +150 

°C 

tl 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIPI 

260 
300 

°C 

•Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
tDerating  -  Plastic  DIP:  -  10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -  10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltages  higher  than  the  maximum 
rated  voltages  to  this  high- 
impedance  circuit.  For  proper 
operation,  Vjn  and  Vout  should  be 
constrained  to  the  range  GND  <  (Vjn 
or  V0Ut)<Vcc- 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  level  (e.g., 
either  GND  or  Vcc).  Unused  outputs 
must  be  left  open.  I/O  pins  must  be 
connected  to  a  properly  terminated 
line  or  bus.  See  Chapter  4  subject 
listing  on  page  4-2. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

vcc 

V 

T"A 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

tr.tf 

Input  Rise  and  Fall  Time                          Vcc  =2.0  v 
(Figure  1)  VCC=4.5V 

VCC  =  6.0  V 

0 
0 
0 

1000 
500 
400 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 


vcc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

Test  Conditions 

25°  C  to 

<85°C 

s125»C 

Unit 

-5S°C 

V|H 

Minimum  High-Level  Input 

Vou,  =  0.1  Vor  Vcc-0.1  V 

2.0 

1.5 

1.5 

1.5 

V 

Voltage 

|lout|s20^A 

4.5 

3.15 

3.15 

3.15 

6.0 

4.2 

4.2 

4.2 

V(L 

Maximum  Low-Level  Input 

Vout  =  0.1  Vor  Vcc-0.1  V 

2.0 

0.3 

0.3 

0.3 

V 

Voltage 

|lout|s20^A 

0.9 

0.9 

0.9 

1.2 

1.2 

1.2 

VOH 

Minimum  High-Level  Output 

Vin  =  V|H°rVIL 

2.0 

1.9 

1.9 

1.9 

V 

Voltage 

Houtls20^ 

4.5 

4.4 

4.4 

4.4 

6.0 

5.9 

5.9 

5.9 

Vin=V|HorV|L  |lout|<6.0mA 

4.5 

3.98 

3.84 

3.70 

|lout|<7.8  mA 

6.0 

5.48 

5.34 

5.20 

vol 

Maximum  Low-Level  Output 

Vin  =  V|H  or  V|L 

2.0 

0.1 

0.1 

0.1 

V 

Voltage 

|lout|<20^A 

4.5 

0.1 

0.1 

0.1 

6.0 

0.1 

0.1 

0.1 

Vin  =  V|H°rV|L  |lout|s6.0mA 

4.5 

0.26 

0.33 

0.40 

|loutls7.8  mA 

6.0 

0.26 

0.33 

0.40 

■in 

Maximum  Input  Leakage  Current 

Vin  =  Vcc  or  GND.  Pin  1  or  19 

6.0 

±0.1 

±1.0 

±1.0 

„A 

ioz 

Maximum  Three-State  Leakage 

Output  in  High-Impedance  State 

6.0 

±0.5 

±5.0 

±10.0 

liA 

Current 

Vin  =  V|L  or  V,H 

Vout  =  VcC  or  GND-  1/0  pins 

ice 

Maximum  Quiescent  Supply 

Vin  =  VccorGND 

6.0 

8 

80 

160 

Current  (per  Package) 

lout  =  0fA 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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AC  ELECTRICAL  CHARACTERISTICS  (CL  =  50  pF,  Input  tr  =  tf  =  6  ns) 


vCc 

V 

Projected  Limit 

Symbol 

Parameter 

25°C  to 
-55°C 

<85°C 

<12S°C 

Unit 

'PLH. 
tPHL 

Maximum  Propagation  Delay,  A  to  B,  B  to  A 
(Figures  1  and  3) 

2.0 
4.5 
6.0 

100 
20 
17 

125 
25 
21 

150 
30 
26 

ns 

tpLZ. 
<PHZ 

Maximum  Propagation  Delay,  OEA  or  OEB  to  A  or  B 
(Figures  2  and  4) 

2.0 
4.5 
6.0 

150 
30 
26 

190 
38 
33 

225 
45 
38 

ns 

«PZL. 
'PZH 

Maximum  Propagation  Delay,  OEA  or  OEB  to  A  or  B 
(Figures  2  and  4) 

2.0 
4.5 
6.0 

150 
30 
26 

190 
38 
33 

225 
45 
38 

ns 

<TLH. 

Thl 

Maximum  Output  Transition  Time,  Any  Output 
(Figures  1  and  3} 

2.0 
4.5 
6.0 

60 
12 
10 

75 
15 
13 

90 
18 
15 

ns 

Cin 

Maximum  Input  Capacitance 

10 

10 

10 

pF 

Cout 

Maximum  Three-State  I/O  Capacitance  (Output  in  High-Impedance 
State) 

15 

15 

15 

pF 

NOTES: 

1.  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


CPD 

Power  Dissipation  Capacitance  (Per  Transceiver  Channel) 

Typical  @  25°C,  VCC  =  S.O  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 

PD  =  CP0  Vcc2f+lcc  VCC 

40 

pF 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

SWITCHING  WAVEFORMS 


INPUT 
A  OR  6 


Figure  1 


OEB 


OEA 


J' 


A  OR  B 


I  OR  B        ^  ^50% 


'  'PZL  'PLZ- 


-1PZH  'PHZ- 


Figure  2 


vcc 

GND 
NIGH 

IMPEDANCE 


9014  —  V0H 


HIGH 

IMPEDANCE 


TEST  POINT 


*lncludes  all  probe  and  jig  capacitance. 
Figure  3.  Test  Circuit 


CONNECT  TO  Vrjj  WHEN 
TESTING  IPLZ  AND  tpZL. 
CONNECT  TO  GND  WHEN 
TESTING  tpHZ  AND  1PZH 


*  Includes  all  probe  and  jig  capacitance. 
Figure  4.  Test  Circuit 
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EXPANDED  LOGIC  DIAGRAM 


A2- 


A3- 


M  - 


A5- 


A6- 


L  A8- 


OUTPUT 
ENABLES 


*  O- 


^3 


-B3 


■  B4 
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PORT 
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Product  Preview 

Octal  3-State  Inverting  Bus 
Transceiver  with  LSTTL- 
Compatible  Inputs 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HCT620  may  be  used  as  a  level  converter  for  interfacing  TTL  or 
NMOS  outputs  to  High-Speed  CMOS  inputs. 
The  HCT620  is  identical  in  pinout  to  the  LS620. 

The  HCT620  is  a  3-state  inverting  transceiver  that  is  used  for  2-way  asynchronous 
communication  between  data  buses.  Data  is  transmitted  from  Port  A  to  Port  B  or 
from  Port  B  to  Port  A,  depending  upon  the  levels  at  the  two  output  enable  inputs, 
OEA  and  OEB.  When  both  of  these  inputs  are  enabled,  the  HCT620  is  able  to  store 
the  data  on  data  ports  A  and  B,  provided  all  other  data  sources  to  the  two  sets  of 
bus  lines  are  in  the  high  impedance  state. 

•  Output  Drive  Capability:  15  LSTTL  Loads 

•  TTL/NMOS-Compatible  Input  Levels 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  4.5  to  5.5  V 

•  Low  Input  Current:  1  ^A 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  I 

•  Chip  Complexity:  202  FETs  or  50.5  Equivalent  Gates 


J  SUFFIX 
CERAMIC 
CASE  732 

N  SUFFIX 
PLASTIC 
CASE  738 

DW  SUFFIX 

SOIC 
CASE  751 D 

ORDERING  INFORMATION 

MC74HCTXXXN 
MC54HCTXXXJ 
MC74HCTXXXDW 

Plastic 

Ceramic 

SOIC 

Ta=  -55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 

LOGIC  DIAGRAM 


A 

DATA 
PORT 


A1 

A2  ■ 
A3  • 
u  . 

A5  - 
A6  ■ 
A7  ■ 
A  8  ■ 


2 

«»  18 

3 

17 

4 

16 

5 

15 

6  <fc 

7 

13 

8 

12 

9 

11 

DATA 
PORT 


PIN  ASSIGNMENT 


OEB  [ 

1  • 

20 

A1[ 

2 

19 

]0EA 

A2[ 

3 

18 

]B1 

A3[ 

4 

17 

]B2 

A4l 

5 

16 

1B3 

A5{ 

6 

15 

]B4 

A6[ 

14 

]B5 

A7[ 

8 

13 

]B6 

A8[ 

9 

12 

1B7 

GN0[ 

10 

11 

]B8 

FUNCTION  TABLE 


OUTPUT  f  0EB  

ENABLES  ^  OEA  — ^- 


PIN  20=VCC 
PIN  10  =GND 


Output  Enables 

Operation 

OEB 

OEA 

L 

L 

Data  transmitted  from  Port 

B  to  Port  A  (inverted) 

H 

H 

Data  transmitted  from  Port 

A  to  Port  B  (inverted) 

L 

H 

Buses  isolated  (High- 

Impedance  State) 

H 

L 

Data  transmitted  from  Port 

B  to  Port  A  (inverted)  and 

from  Port  A  to  Port  B 

(inverted) 

This  document  contains  information  on  a  product  under  development.  Motorola  reserves  the  right  to  change  or  discontinue  this  product  without  notice. 
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MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

-  0.5  to  +  7.0 

vin 

UL  Input  Voltage  (neierenced  to  tjNU),  rin  l  or  iy 

—  l  .0  to  vcc  +  '  -o 

V 

V|/0 

DC  I/O  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc+0.5 

V 

l,n 

DC  Input  Current,  per  Pin  1  or  19 

±20 

mA 

'l/O 

DC  I/O  Current,  per  I/O  Pin 

±35 

mA 

ice 

DC  Supply  Current,  Vcc  and  GND  Pins 

±75 

mA 

PD 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tstq 

Storage  Temperature 

-65  to  +150 

°C 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°C 

♦Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
tDerating  -  Plastic  DIP:  -10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -  10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltages  higher  than  the  maximum 
rated  voltages  to  this  high- 
impedance  circuit.  For  proper 
operation,  Vjn  and 

^out  sbould  be 
constrained  to  the  range  GND  <  (Vjn 
or  Vout)<VCC- 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  level  (e.g., 
either  GND  or  Vcc'-  Unused  outputs 
must  be  left  open.  I/O  pins  must  be 
connected  to  a  properly  terminated 
line  or  bus.  See  Chapter  4  subject 
listing  on  page  4-2. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

4.5 

5.5 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

vcc 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

tr.  If 

Input  Rise  and  Fall  Time  (Figure  11 

0 

500 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 


vcc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

Test  Conditions 

25°C  to 
-55°C 

<85°C 

<12S°C 

Unit 

V|H 

Minimum  High-Level  Input 
Voltage 

Vout  =  0.1  Vor  Vcc-0.1  V 
|lout|<20/lA 

4.5 
5.5 

2.0 
2.0 

2.0 
2.0 

2.0 
2.0 

V 

V|L 

Maximum  Low-Level  Input 
Voltage 

Vout  =  0.1  Vor  Vcc-0.1  V 
|lout|<20(1A 

4.5 
5.5 

0.8 
0.8 

0.8 
0.8 

0.8 
0.8 

V 

V0H 

Minimum  High-Level  Output 
Voltage 

Vin  =  V|H  or  V|L 
|lout|s20^A 

4.5 
5.5 

4.4 
5.4 

4.4 
5.4 

4.4 

5.4 

V 

Vin  =  V|H  or  V|L 
|lou,|<6.0  mA 

4.5 

3.98 

3.84 

3.70 

vol 

Maximum  Low-Level  Output 
Voltage 

Vin  =  V|H  or  V|L 
|lout|<20llA 

4.5 
5.5 

0.1 
0.1 

0.1 
0.1 

0.1 
0.1 

V 

vin  =  V|H  or  V|L 
|lou,|<6.0  mA 

4.5 

0.26 

0.33 

0.40 

'in 

Maximum  Input  Leakage  Current 

vin  =  Vcc  or  GND,  Pin  1  or  19 

5.5 

±0.1 

±1.0 

±1.0 

«A 

ioz 

Maximum  Three-State  Leakage 
Current 

Output  in  High-Impedance  State 

Vin  =  V|L  or  V,H 

vout  =  vcc  or  GND,  I/O  Pins 

5.5 

±0.5 

±5.0 

±10.0 

ice 

Maximum  Quiescent  Supply 
Current  (per  Package) 

Vin  =  VceorGND 
lout  =  0»iA 

5.5 

8 

80 

160 

4'CC 

Additional  Quiescent  Supply 

Vjn  =  2.4V,  Any  One  Input 

> -m°c 

25° C  to  125"C 

Current 

Vin  =  Vcc  or  GND,  Other  Inputs 
lout  =  0  /-A 

5.5 

2.9 

2.4 

mA 

NOTES: 

1.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 

2.  Total  Supply  Current  =  Ice +  EAICC- 
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AC  ELECTRICAL  CHARACTERISTICS  [Vcc  =  S.OV  ±10%,  CL  =  50pF,  Input  tr  =  tf  =  6  ns) 


Symbol 

Parameter 

Projected  Limit 

Unit 

25  °C  to 
—  55  °C 

s85°c 

<125°C 

tPLH- 
<PHL 

(Figures  1  and  3) 

22 

28 

33 

tpLZ. 
'PHZ 

Maximum  Propagation  Delay,  OEA  or  OEB  to  A  or  B 
(Figures  2  and  4) 

30 

38 

45 

ns 

'PZL. 
«PZH 

Maximum  Propagation  Delay,  OEA  or  OEB  to  A  or  B 
(Figures  2  and  4) 

30 

38 

45 

ns 

»TLH. 
'THL 

Maximum  Output  Transition  Time,  Any  Output 
(Figures  1  and  3) 

12 

15 

18 

ns 

Cin 

Maximum  Input  Capacitance 

10 

10 

10 

PF 

cout 

Maximum  Three-State  I/O  Capacitance  (Output  in  High-Impedance  State) 

15 

15 

15 

pF 

NOTES: 

1.  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


CPD 

Power  Dissipation  Capacitance  IPer  Transceiver  Channel) 

Typical  @  25°C,  VCC=5.0  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 

PD  =  CpD  Vcc2*  +  ice  VCC 

45 

pF 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

SWITCHING  WAVEFORMS 


'THL 


Figure  1 


A  OR  B 


Figure  2 


*  Includes  alt  probe  and  jig  capacitance. 
Figure  3.  Test  Circuit 


DEVICE 

OUTPUT 

UNDER 

TEST 

T 

CONNECT  TO  Vcc  WHEN 
TESTING  tPlz  AND  lPzl 
CONNECT  TO  GND  WHEN 
TESTING  tpm  AND  tPZH. 


♦includes  all  probe  and  jig  capacitance. 
Figure  4.  Test  Circuit 
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EXPANDED  LOGIC  DIAGRAM 
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Product  Preview 

Octal  3-State  Noninverting 
Bus  Transceiver 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC623  is  identical  in  pinout  to  the  LS623.  The  device  outputs  are 
compatible  with  standard  CMOS  outputs;  with  pullup  resistors,  they  are  compatible 
with  LSTTL  outputs. 

The  HC623  is  a  3-state  noninverting  transceiver  that  is  used  for  2-way  asynchron- 
ous communication  between  data  buses.  Data  is  transmitted  from  Port  A  to  Port  B 
or  from  Port  B  to  Port  A,  depending  upon  the  levels  at  the  two  output  enable  in- 
puts, OEA  and  OEB.  When  both  of  these  inputs  are  enabled,  the  HC623  is  able  to 
store  the  data  on  data  ports  A  and  B,  provided  all  other  data  sources  to  the  two 
sets  of  bus  lines  are  in  the  high  impedance  state. 

•  Output  Drive  Capability:  15  LSTTL  Loads 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1  /iA 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  234  FETs  or  58.5  Equivalent  Gates 


J  SUFFIX 
CERAMIC 
CASE  732 


N  SUFFIX 
PLASTIC 
CASE  738 


DW  SUFFIX 

SOIC 
CASE  751 D 


ORDERING  INFORMATION 

MC74HCXXXN  Plastic 
MCS4HCXXXJ  Ceramic 
MC74HCXXXDW  SOIC 

TA=  -55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 


A 

DATA 
PORT 


A1 
A2 
A3 
A4 
A5  - 
A6 
A7 
A8 


OUTPUT  i  OEB  ■ 
ENABLES  |  0EA  . 


LOGIC  DIAGRAM 


2 

18 

3 

17 

4 

16 

5  <B 

15 

6  <fc 

14 

7  i 

13 

8 

12 

9 

11 

PIN  20  =  VCC 
PIN  10  =  GND 


DATA 
PORT 


PIN  ASSIGNMENT 


OEB  [ 

1  • 

20 

1*K 

A1[ 

2 

19 

]0EA 

A2[ 

3 

18 

]B1 

A3[ 

4 

17 

]B2 

A4[ 

5 

16 

]B3 

A5[ 

6 

15 

]B4 

A6[ 

14 

]B5 

A7[ 

8 

13 

]B6 

A8[ 

9 

12 

]B7 

GN0[ 

10 

11 

]B8 

FUNCTION  TABLE 


Output  Enables 

Operation 

OEB 

OEA 

L 

L 

Data  transmitted  from  Port 

B  to  Port  A  (noninverted} 

H 

H 

Data  transmitted  from  Port 

A  to  Port  B  (noninverted) 

L 

H 

Buses  isolated  (High- 

Impedance  State) 

H 

L 

Data  transmitted  from  Port 

B  to  Port  A  (noninverted) 

and  from  Port  A  to  Port  B 

(noninverted) 

This  document  contains  information  on  a  product  under  development.  Motorola  reserves  the  right  to  change  or  discontinue  this  product  without  notice. 
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MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

-0.5  to  +7.0 

V 

Vin 

DC  Input  Voltage  (Referenced  to  GND),  Pin  1  or  19 

-  1.5  to  Vcc  +  1-5 

V 

V|/0 

DC  I/O  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc +  0.5 

V 

'in 

DC  Input  Current,  per  Pin  1  or  19 

±20 

h/o 

DC  I/O  Current,  per  I/O  Pin 

±35 

mA 

ice 

DC  Supply  Current,  Vcc  and  GND  pins 

±75 

mA 

pd 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tstq 

Storage  Temperature 

-65  to  +150 

°c 

TL 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°c 

*  Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functionaf  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
TDerating  -  Plastic  DIP:  - 10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -  10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltages  higher  than  the  maximum 
rated  voltages  to  this  high- 
impedance  circuit.  For  proper 
operation,  Vjn  and  Vout  should  be 
constrained  to  the  range  GND  £  ( Vjn 
or  Vout}<VCC- 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  level  (e.g., 
either  GND  or  Vcc*  -  Unused  outputs 
must  be  left  open.  I/O  pins  must  be 
connected  to  a  properly  terminated 
line  or  bus.  See  Chapter  4  subject 
listing  on  page  4-2. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

vcc 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

tr.  tf 

Input  Rise  and  Fall  Time                        Vcc  =  2.0  V 
(Figure  1)                                          VCC  =  4.5V 

VCC  =6.0  V 

0 
0 
0 

1000 
500 
400 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 


vCc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

Test  Conditions 

25"C  to 
-6B°C 

<86°C 

<12S°C 

Unit 

V|H 

Minimum  High-Level  Input 
Voltage 

Vout=0-1  V  or  VCC -0.1  V 
|lout|s20^A 

2.0 
4.5 
6.0 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

V 

V|L 

Maximum  Low-Level  Input 
Voltage 

Vout  =  0.1  Vor  Vcc-0.1  V 
|lout|<20^A 

2.0 
4.5 
6.0 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

V 

VOH 

Minimum  High-Level  Output 
Voltage 

Vin  =  V|HorV|L 
|lout|s20^A 

2,0 
4.5 
6.0 

1.9 
4.4 

5.9 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

V 

Vin=V|H°rVIL  lloutl^e.OmA 
|lout|<7.8  mA 

4.5 
6.0 

3.98 
5.48 

3.84 
5.34 

3.70 
5.20 

vol 

Maximum  Low- Level  Output 
Voltage 

Vin=V|H°rV|L 
|lout|s20«A 

2.0 
4.5 
6.0 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

V 

Vin  =  V|HorV|L  lloutl^e.OmA 
|lout|s7.8  mA 

4.5 
6.0 

0.26 
0.26 

0.33 
0.33 

0.40 
0.40 

'in 

Maximum  Input  Leakage  Current 

vin  =  VCC  °'  GND,  Wn  1  or  19 

6.0 

±0.1 

±1.0 

±10 

ioz 

Maximum  Three-State  Leakage 
Current 

Output  in  High-Impedance  State 

V|n  =  VIL  or  V|H 

Vout  =  VcC°rGND,  I/O  Pins 

6.0 

±0.5 

±5.0 

±10.0 

/•A 

ice 

Maximum  Quiescent  Supply 
Current  (per  Package) 

Vin  =  VcC  or  GND 
lout  =  0xA 

6.0 

8 

80 

160 

NOTE: 


i  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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AC  ELECTRICAL  CHARACTERISTICS  (CL  =  50  pF,  Input  tr  =  tf  =  6  ns) 


vcc 

V 

Projected  Limit 

Symbol 

Parameter 

25°  C  to 
-55°C 

=s8S«C 

55125°C 

Unit 

tPLH. 
»PHl 

Maximum  Propagation  Delay,  A  to  B,  B  to  A 
(Figures  1  and  31 

2.0 
4.5 
6.0 

100 
20 
17 

125 
25 
21 

150 
30 
26 

ns 

tpLZ. 
tPHZ 

Maximum  Propagation  Delay,  OEA  or  OEB  to  A  or  B 
(Figures  2  and  4) 

2.0 
4.5 
6.0 

150 
30 
26 

190 
38 
33 

225 
45 
38 

ns 

'PZL. 
tPZH 

Maximum  Propagation  Delay,  OEA  or  OEB  to  A  or  B 
(Figures  2  and  41 

2.0 
4.5 
6.0 

150 
30 
26 

190 
38 
33 

225 
45 
38 

ns 

»TLH. 
tTHL 

Maximum  Output  Transition  Time,  Any  Output 
(Figures  1  and  3) 

2.0 
4.5 
6.0 

60 
12 
10 

75 
15 
13 

90 
18 
15 

ns 

Cin 

Maximum  Input  Capacitance 

10 

10 

10 

pF 

Cout 

Maximum  Three-State  I/O  Capacitance  (Output  in  High-Impedance 
State! 

15 

15 

15 

pF 

NOTES: 

1 .  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


CPD 

Power  Dissipation  Capacitance  (Per  Transceiver  Channel) 

Typical  @  25°C.  Vcc  =  5.0  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 
PD  =  Cpo  Vcc2*  +  'cc  Vcc 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

40 

pF 

SWITCHING  WAVEFORMS 


Figure  1 


A  OR  B 


A  OR  B 


Figure  2 


DEVICE 
UNDER 
TEST 


TEST  POINT 
O 


OUTPUT 


"Includes  all  probe  and  jig  capacitance. 
Figure  3.  Test  Circuit 


TEST  POINT 


DEVICE 

OUTPUT      |  t 

UNDER 

TEST 

T 

CONNECT  TO  Vcc  WHEN 
TESTING  tplZ  AND  tPZl. 
CONNECT  TO  GND  WHEN 
TESTING  tPHZ  AND  tPZH. 


"Includes  all  probe  and  jig  capacitance. 
Figure  4.  Test  Circuit 
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EXPANDED  LOGIC  DIAGRAM 


A 

DATA  < 
PORT 


DEB  - 


OUTPUT 
ENABLES ' 


OEA  - 


A2  . 


A3 


A4  ■ 


A6 


A8  • 


C5- 


t5: 


:3 


^> — 


B3 


■  B4 


•  DATA 
PORT 


B8 
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Product  Preview 

Octal  3-State  Noninverting  Bus 
Transceiver  with  LSTTL- 
Compatible  Inputs 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HCT623  may  be  used  as  a  level  converter  for  interfacing  TTL  or 
NMOS  outputs  to  High-Speed  CMOS  inputs. 
The  HCT623  is  identical  in  pinout  to  the  LS623. 

The  HCT623  is  a  3-state  noninverting  transceiver  that  is  used  for  2-way  asyn- 
chronous communication  between  data  buses.  Data  is  transmitted  from  Port  A  to 
Port  B  or  from  Port  B  to  Port  A,  depending  upon  the  levels  at  the  two  output 
enable  inputs,  OEA  and  OEB.  When  both  of  these  inputs  are  enabled,  the  HCT623 
is  able  to  store  the  data  on  data  ports  A  and  B,  provided  all  other  data  sources  to 
the  two  sets  of  bus  lines  are  in  the  high  impedance  state. 

•  Output  Drive  Capability:  15  LSTTL  Loads 

•  TTL/NMOS-Compatible  Input  Levels 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  4.5  to  5.5  V 

•  Low  Input  Current:  1 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  234  FETs  or  58.5  Equivalent  Gates 


J  SUFFIX 
CERAMIC 
CASE  732 


N  SUFFIX 
PLASTIC 
CASE  738 


DW  SUFFIX 

SOIC 
CASE  751D 


ORDERING  INFORMATION 

MC74HCTXXXN  Plastic 
MC54HCTXXXJ  Ceramic 
MC74HCTXXXDW  SOIC 


TA=-55°to125°Cfor  all 
Dimensions  in  Chapter  7. 


LOGIC  DIAGRAM 


A 

DATA 
PORT 


OUTPUT 
ENABLES 


II  ■ 
A2 
A3  ■ 
A4  . 
A5  - 
A6 
A7  ■ 
A8  - 

'  OEB- 
I  OEA- 


2 

18 

3  <fc 

17 

4 

16 

5  <fc 

15 

6  <fc 

14 

7 

13 

8 

12 

9 

11 

DATA 
PORT 


PIN  ASSIGNMENT 


OEB  [ 

1  • 

20 

A1[ 

2 

19 

]  OEA 

A2[ 

3 

18 

]B1 

A3 1 

4 

17 

]B2 

A4[ 

5 

16 

]B3 

AS  [ 

6 

15 

]B4 

I"' 

7 

14 

]B5 

A7[ 

8 

13 

]B6 

A8[ 

9 

12 

]B7 

gnd[ 

10 

11 

]B8 

FUNCTION  TABLE 


19 


PIN  20  =  VCC 
PIN  10  =  GND 


Output  Enables 

Operation 

OEB 

OEA 

L 

L 

Data  transmitted  from  Port 

B  to  Port  A  (noninverted) 

H 

H 

Data  transmitted  from  Port 

A  to  Port  B  (noninverted) 

L 

H 

Buses  isolated  (High- 

Impedance  State) 

H 

L 

Data  transmitted  from  Port 

B  to  Port  A  (noninverted) 

and  from  Port  A  to  Port  B 

(noninverted) 

This  document  contains  information  on  a  product  under  development.  Motorola  reserves  the  right  to  change  or  discontinue  this  product  without  notice. 
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MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

—  0.5  to  +7.0 

V 

Vin 

DC  Input  Voltage  (Referenced  to  GND),  Pin  1  or  19 

-  1.5  to  Vcc+  1-5 

V 

V|/0 

DC  I/O  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc +  0.5 

V 

Itt 

DC  Input  Current,  per  Pin  1  or  19 

±20 

mA 

"I/O 

DC  I/O  Current,  per  I/O  Pin 

±35 

mA 

!CC 

DC  Supply  Current,  Vcc  and  GND  pins 

±75 

mA 

PD 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tstq 

Storage  Temperature 

-65  to  +150 

°C 

TL 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°C 

*  Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
tDerating  -  Plastic  DIP:  -  10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltages  higher  than  the  maximum 
rated  voltages  to  this  high- 
impedance  circuit.  For  proper 
operation,  Vjn  and  Vout  should  be 
constrained  to  the  range  GND  <  (Vjn 
or  Vout)<Vcc- 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  level  (e.g., 
either  GN  D  or  VqO  ■  Unused  outputs 
must  be  left  open.  I/O  pins  must  be 
connected  to  a  properly  terminated 
line  or  bus.  See  Chapter  4  subject 
listing  on  page  4-2. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

4.5 

5.5 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

VCC 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

tr.  tf 

Input  Rise  and  Fall  Time  (Figure  1) 

0 

500 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 


vCc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

Test  Conditions 

25°C  to 
-55°C 

s86°C 

<;12S0C 

Unit 

V|H 

Minimum  High-Level  Input 
Voltage 

Vout  =  0.1  Vor  Vcc-0.1  V 
|lout|<20,<A 

4.5 
5.5 

2.0 
2.0 

2.0 
2.0 

2.0 
2.0 

V 

VlL 

Maximum  Low-Level  Input 
Voltage 

Vout  =  0.1  Vor  Vcc-0.1  V 
|lou,i<20MA 

4.5 
5.5 

0.8 
0.8 

0.8 
0.8 

0.8 
0.8 

V 

VOH 

Minimum  High-Level  Output 
Voltage 

Vin  =  V|H  or  V|L 
lou,|<20MA 

4.5 
5.5 

4.4 
5.4 

4.4 

5.4 

4.4 
5.4 

V 

Vin  =  V|H  or  V|L 
|lout|s6.0  mA 

4.5 

3.98 

3.84 

3.70 

vol 

Maximum  Low-Level  Output 
Voltage 

vin=V|H  or  V|L 
|lout|<20,,A 

4.5 
5.5 

0.1 
0.1 

0.1 
0.1 

0.1 
0.1 

V 

Vin  =  V|H  or  V|L 
|lout|<6.0  mA 

4.5 

0.26 

0.33 

0.40 

tin 

Maximum  Input  Leakage  Current 

Vin  =  Vcc  or  GND.  Pin  1  °'  19 

5.5 

±0.1 

±1.0 

±1-0 

fA 

ioz 

Maximum  Three-State  Leakage 
Current 

Output  in  High-Impedance  State 

vin  =  V|L  or  V|H 

V0ut  =  VcC  °'  GND-  I/O  Pins 

5.5 

±0.5 

±5.0 

±10.0 

/•A 

'  

Maximum  Quiescent  Supply 
Current  (per  Package) 

Vin  =  VCc  or  GND 
lout  =  0fA 

5.5 

8 

80 

160 

(•A 

aicc 

Additional  Quiescent  Supply 

V,n =2.4  V,  Any  One  Input 

£-56° 

C 

25°c  to  ns'c 

Current 

V,n  =  Vcc  or  GND,  Other  Inputs 
lout3"/^ 

5.5 

2.9 

2.4 

mA 

NOTES: 


1.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 

2.  Total  Supply  Current  =  Ice +  EAIcc- 
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AC  ELECTRICAL  CHARACTERISTICS  [VCC  =  5.0V  ±10%,  CL  =  50pF,  Input  tr  =  tf  =  6  ns) 


Symbol 

Parameter 

Projected  Limit 

Unit 

25°C  to 
-55°C 

<8S°C 

<12S°C 

'PLH< 
'PHL 

Maximum  Propagation  Delay,  A  to  B,  B  to  A 
(Figures  1  and  3) 

22 

28 

33 

ns 

tpLZ. 
'PHZ 

Maximum  Propagation  Delay,  OEA  or  OEB  to  A  or  B 
(Figures  2  and  4) 

30 

38 

45 

ns 

'PZL. 
'PZH 

Maximum  Propagation  Delay,  OEA  or  OEB  to  A  or  B 
(Figures  2  and  4) 

30 

38 

45 

ns 

'TLH. 
'THL 

Maximum  Output  Transition  Time,  Any  Output 
(Figures  1  and  3) 

12 

15 

18 

ns 

Cin 

Maximum  Input  Capacitance 

10 

10 

10 

pF 

Cout 

Maximum  Three-State  I/O  Capacitance  (Output  in  High-Impedance  State) 

15 

15 

15 

pF 

NOTES: 

1.  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


CPD 

Power  Dissipation  Capacitance  (Per  Transceiver  Channel! 

Typical  @  25°C,  Vcc  =  5.0  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 

pd=cpd  Vct^'+ICC  vcc 

45 

pF 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

SWITCHING  WAVEFORMS 


Figure  1 

Figure  2 


*lncludes  all  probe  and  jig  capacitance. 
Figure  3.  Test  Circuit 


(CONNECT  TO  Vcc  WHEN 
TESTING  tpLZ  AND  lpZL. 
CONNECT  TO  GN0  WHEN 
TESTING  tpHZ  AND  tPZ„. 


*  Includes  all  probe  and  jig  capacitance. 
Figure  4.  Test  Circuit 
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I 


Octal  3-State  Inverting 
Bus  Transceiver 

High-Performance  Silicon-Gate  CMOS 


The  MC54/74HC640  is  identical  in  pinout  to  the  LS640.  The  device  inputs  are 
compatible  with  standard  CMOS  outputs;  with  pullup  resistors,  they  are  compatible 
with  LSTTL  outputs. 

The  HC640  is  a  3-state  inverting  transceiver  that  is  used  for  2-way  asynchronous 
communication  between  data  buses.  The  device  has  an  active-low  Output  Enable 
pin,  which  is  used  to  place  the  I/O  ports  into  high-impedance  states.  The  Direction 
control  determines  whether  data  flows  from  A  to  B  or  from  B  to  A. 

The  HC640  performs  functions  similar  to  those  of  the  HC245  and  the  HC643. 

•  Output  Drive  Capability:  15  LSTTL  Loads 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1  /iA 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  276  FETs  or  69  Equivalent  Gates 


LOGIC  DIAGRAM 


Al  " 
A2- 
A3- 
A4- 
A5- 
A6- 
A7- 
A8- 
OIRECTION- 
OUTPUT  ENABLE  - 


A 

DATA 
PORT 


2 

18 

3 

17 

4 

16 

5 

15 

6  _ 

14 

7  ^ 

13 

8  ^ 

12 

9    «  „ 

11 

I  Y 

B1 
■  B2 
-B3 
-84 
-  B5 


B 

DATA 
PORT 


PIN  10-GND 
PIN  20-VCC 


J  SUFFIX 
CERAMIC 
CASE  732 


N  SUFFIX 
PLASTIC 
CASE  738 


DW  SUFFIX 

SOIC 
CASE  751 D 


ORDERING  INFORMATION 

MC74HCXXXN  Plastic 
MC54HCXXXJ  Ceramic 
MC74HCXXXDW  SOIC 

Ta=  -55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 


PIN  ASSIGNMENT 


DIRECTION  rJTT^ 
Al  [  2 
A2[  3 
A3  [4 
A4[  5 
A5[  6 
A6  [  7 
A7  [  8 
A8  [  9 


20  ]  VCE 

,„  ,  OUTPUT 

IB  J  ENABLE 

18  ]  Bl 

17  ]  B2 

16  ]  B3 

15  ]  B4 

14  ]  B5 

13  ]  B6 

12  3  B7 

11  ]B8 


FUNCTION  TABLE 


Control  Inputs 

Operation 

Output 
Enable 

Direction 

L 

L 

Data  transmitted  from 

Bus  B  to  Bus  A 

(inverted) 

L 

H 

Data  transmitted  from 

Bus  A  to  Bus  B 

(inverted) 

H 

X 

Buses  isolated  (High- 

Impedance  State) 

X  =  don't  care 
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MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vrr 

DC  Supply  Voltage  (Referenced  to  GND) 

-0.5  to  +7.0 

V 

V:„ 

vin 

DC  Input  Voltage  {Referenced  to  GND},  Pin  1  or  19 

—  1 .5  to  Vcc  +  1-5 

v 

V|/0 

DC  I/O  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc +  0.5 

V 

'in 

DC  Input  Current,  per  Pin 

±20 

mA 

"1/0 

DC  I/O  Current,  per  Pin 

±35 

mA 

ice 

DC  Supply  Current,  Vcc  and  GND  pins 

±75 

mA 

PD 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tstq 

Storage  Temperature 

-65  to  +150 

°c 

tl 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°C 

♦Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
TDerating  -  Plastic  DIP:  -10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -  10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltages  higher  than  the  maximum 
rated  voltages  to  this  high- 
impedance  circuit.  For  proper 
operation,  Vjn  and  Vout  should  be 
constrained  to  the  range  GND<(Vjn 
or  Vout)<VCC. 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  level  (e.g., 
either  GNDorVccI-  Unused  outputs 
must  be  left  open.  I/O  pins  must  be 
connected  to  a  properly  terminated 
line  or  bus.  See  Chapter  4  subject 
listing  on  page  4-2. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

vcc 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

tfi  tf 

Input  Rise  and  Fall  Time                        VCc  =  2.0  V 
(Figure  1)  VCC=4.5V 

VCC  =  6.0  V 

0 
0 
0 

1000 
500 
400 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 


Guaranteed  Limit 

Symbol 

Parameter 

Test  Conditions 

vcc 

V 

25°C  to 

Unit 

-55°C 

V|H 

Minimum  High-Level  Input 

Vout  =  0.1  Vor  Vcc-0.1  V 

2.0 

1.5 

1.5 

1.5 

V 

Voltage 

|lout|<20^A 

4.5 

3.15 

3.15 

3.15 

6.0 

4.2 

4.2 

4.2 

V|L 

Maximum  Low-Level  Input 

Vout  =  01  Vor  Vcc-0.1  V 

2.0 

0.3 

0.3 

0.3 

V 

Voltage 

4.5 

0.9 

0.9 

0.9 

6.0 

1.2 

1.2 

1.2 

VOH 

Minimum  High-Level  Output 

Vin=V|H  or  V|L 

2.0 

1.9 

1.9 

1.9 

V 

Voltage 

|lout|<20^A 

4.5 

4.4 

4.4 

4.4 

6.0 

5.9 

5.9 

5.9 

Vin  =  V|H°rV|L  |lout|s6.0mA 

4.5 

3.98 

3.84 

3.70 

jlout|<  7.8  mA 

6.0 

5.48 

5.34 

5.20 

vol 

Maximum  Low-Level  Output 

Vin  =  V|H  or  V|L 

2.0 

0.1 

0.1 

0.1 

V 

Voltage 

|lout|<20/IA 

4.5 

0.1 

0.1 

0.1 

6.0 

0.1 

0.1 

0.I 

Vin  =  V|H  °rV|L  ilou,|56.0mA 

4.5 

0.26 

0.33 

0.40 

|lout|<7.8  mA 

6.0 

0.26 

0.33 

0.40 

■in 

Maximum  Input  Leakage  Current 

vin  =  Vcc  or  GND.  pin  1  or  19 

6.0 

±0.1 

±1.0 

±1.0 

fA 

ioz 

Maximum  Three-State  Leakage 

Output  in  High-Impedance  State 

6.0 

±0.5 

±5.0 

±10.0 

eA 

Current 

Vin  =  V|L  or  V,H 

Vout  =  Vcc  or  GND 

ice 

Maximum  Quiescent  Supply 

Vin  =  Vcc  or  GND 

6.0 

8 

80 

160 

Current  (per  Package) 

W  =  0^A 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 


MOTOROLA  HIGH-SPEED  CMOS  LOGIC  DATA 


MC54/74HC640 


AC  ELECTRICAL  CHARACTERISTICS  (CL  =  50  pF,  Input  t,  =  tf  =  6  ns) 


vcc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

25°C  to 
-55°C 

S85°C 

<125°C 

Unit 

tPLH- 
•PHL 

^flaximum  Propagation  Delay  A  to  B  B  to  A 
(Figures  1  and  3) 

2.0 
4.5 
6.0 

100 

20 
17 

125 
25 
21 

150 
30 
26 

tpLZ, 
'PHZ 

a  y  imi  i  m  Prriosriatifin  Dplav    nirof-tion  or  flijtriiit  Fnahlc  tn  A  or  R 
ividAii i iui 1 1  r i uur i  t^GKiy,  L^iiei*uuii  \ji  vjui^jui  cmduib  iu  ^  ui  o 

(Figures  2  and  4) 

2.0 
4.5 
6.0 

150 
30 
26 

190 
38 
33 

225 
45 
38 

'PZL. 
'PZH 

Maximum  Propagation  Delay,  Direction  or  Output  Enable  to  A  or  B 
(Figures  2  and  4) 

2.0 
4.5 
6.0 

150 
30 
26 

190 
38 

33 

225 
45 
38 

ns 

«TLH. 
tTHL 

Maximum  Output  Transition  Time,  Any  Output 
(Figures  1  and  3) 

2.0 
4.5 
6.0 

60 
12 
10 

75 
15 
13 

90 
18 
15 

ns 

Cin 

Maximum  Input  Capacitance,  Pin  1  or  19 

10 

10 

10 

pF 

cout 

Maximum  Three-State  I/O  Capacitance  (Output  in  High-Impedance 
State) 

15 

15 

15 

pF 

NOTES: 

1.  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


CPD 

Power  Dissipation  Capacitance  (Per  Transceiver  Channel) 

Typical  @ 

25°C.  VCC  =  5.0  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 
pD  =  cPD  Vcc^+'CC  VCC 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

40 

pF 

SWITCHING  WAVEFORMS 


•Includes  all  probe  and  jig  capacitance  *lncludes  all  probe  and  jig  capacitance 


Figure  3.  Test  Circuit  Figure  4.  Test  Circuit 
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EXPANDED  LOGIC  DIAGRAM 


MOTOROLA  HIGH-SPEED  CMOS  LOGIC  DATA 
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Octal  3-State  Inverting  Bus 
Transceiver  with  LSTTL- 
Compatible  Inputs 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HCT640  may  be  used  as  a  level  converter  for  interfacing  TTL  or 
NMOS  outputs  to  High-Speed  CMOS  inputs. 
The  HCT640  is  identical  in  pinout  to  the  LS640. 

The  HCT640  is  a  3-state  inverting  transceiver  that  is  used  for  2-way  asynchronous 
communication  between  data  buses.  The  device  has  an  active-low  Output  Enable 
pin,  which  is  used  to  place  the  I/O  ports  into  high-impedance  states.  The  Direction 
control  determines  whether  data  flows  from  A  to  B  or  from  B  to  A. 

The  HCT640  performs  functions  similar  to  those  of  the  HCT245  and  the  HCT643. 

•  Output  Drive  Capability:  15  LSTTL  Loads 

•  TTL/NMOS-Compatible  Input  Levels 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  4.5  to  5.5  V 

•  Low  Input  Current:  1  pA 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  358  FETs  or  89.5  Equivalent  Gates 


J  SUFFIX 
CERAMIC 
CASE  732 


N  SUFFIX 
PLASTIC 
CASE  738 


DW  SUFFIX 

SOIC 
CASE  751 D 


ORDERING  INFORMATION 

MC74HCTXXXN  Plastic 
MC54HCTXXXJ  Ceramic 
MC74HCTXXXDW  SOIC 

TA=  -55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 


LOGIC  DIAGRAM 


OUTPUT  ENABLE 


PIN  10-GND 
PIN  20-VCc 


DATA 
PORT 


PIN  ASSIGNMENT 


DIRECTION  [ 
AH 

m 

A3[ 
A4[ 
A5[ 
A6[ 
A7 
MI 
GNDt 


1  • 

2 
3 
4 

s 

6 
7 

U.8 

9 
10 


vcc 

OUTPUT  ENABLE 

B1 

B2 

B3 

m 

]  BS 
iBt 
)B7 

)« 


FUNCTION  TABLE 


Control  Inputs 

Operation 

Output 
Enable 

Direction 

L 

L 

Data  transmitted  from  Bus 

B  to  Bus  A  (inverted) 

L 

H 

Data  transmitted  from  Bus 

A  to  Bus  B  (inverted) 

H 

X 

Buses  Isolated  (High- 

Impedance  State) 

X  =  don't  care 
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MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

-0.5  to  +7.0 

V 

Vin 

DC  Input  Voltage  (Referenced  to  GND),  Pin  1  or  19 

-1.5  to  Vcc+  1-5 

V 

V|/0 

DC  I/O  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc +  0.5 

V 

'in 

DC  Input  Current,  per  Pin 

±20 

mA 

'I/O 

DC  I/O  Current,  per  Pin 

±35 

mA 

ice 

DC  Supply  Current,  Vcc  and  GND  pins 

±75 

mA 

PD 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tstq 

Storage  Temperature 

-65  to  +150 

°C 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°C 

*Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
tDerating  -  Plastic  DIP:  - 10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltages  higher  than  the  maximum 
rated  voltages  to  this  high- 
impedance  circuit.  For  proper 
operation,  Vjn  and  V0UL  should  be 
constrained  to  the  range  GND<(Vjn 
or  Vout)<VCC. 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  level  (e.g., 
either  GND  or  Vcc*-  Unused  outputs 
must  be  left  open.  I/O  pins  must  be 
connected  to  a  properly  terminated 
line  or  bus.  See  Chapter  4  subject 
listing  on  page  4-2. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

4.5 

5.5 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

vcc 

V 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

«r.  «f 

Input  Rise  and  Fall  Time  (Figure  1) 

0 

500 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 

Symbol 

Parameter 

Test  Conditions 

vcc 

V 

Guaranteed  Limit 

Unit 

25°C  to 
-55°C 

<85°C 

<125"C 

V|H 

Minimum  High-Level  Input 
Voltage 

Vout  =  0.1  Vor  Vcc-0.1  V 
llouti  s20».A 

4.5 

5.5 

2.0 
2.0 

2.0 
2.0 

2.0 
2.0 

V 

V|L 

Maximum  Low-Level  Input 
Voltage 

Vout  =  0.1  Vor  Vcc-0.1  V 
|lout|<20^A 

4.5 
5.5 

0.8 

0.8 

0.8 
0.8 

0.8 
0.8 

V 

VOH 

Minimum  High-Level  Output 
Voltage 

Vin  =  V|H  or  V|L 
|lou,|s20MA 

4.5 
5.5 

4.4 
5.4 

4.4 
5.4 

4.4 
5.4 

V 

Vin  =  V|H  °'  V|L 
|l0utl  s  6.0  mA 

4.5 

3.98 

3.84 

3.70 

vol 

Maximum  Low-Level  Output 
Voltage 

Vin  =  V|H  or  V|L 
|loutl  s  20  ,iA 

4.5 
5.5 

0.1 
0.1 

0.1 
0.1 

0.1 
0.1 

V 

Vin  =  V|H  or  V|L 
|lout|s6.0mA 

4.5 

0.26 

0.33 

0.40 

"in 

Maximum  Input  Leakage  Current 

Vin  =  VCc  or  GND,  Pin  1  or  19 

5.5 

±0.1 

±1.0 

±1.0 

«A 

ioz 

Maximum  Three-State  Leakage 
Current 

Output  in  High-Impedance  State 

Vin  =  V|L  or  V|H 

vout  =  vCC  or  GND,  I/O  Pins 

5.5 

±0.5 

±5.0 

±10.0 

0A 

ice 

Maximum  Quiescent  Supply 
Current  (per  Package) 

Vin  =  VCC  or  GND 
lout  =  0  !iA 

5.5 

8 

80 

160 

aicc 

Additional  Quiescent  Supply 

V,n  =2.4  V,  Any  One  Input 

2:  -B5°C 

250C  to  125-C 

Current 

V|n  =  Vcc  or  GND'  0tner  Inputs 
lout  =  0  jiA 

5.5 

2.9 

2.4 

mA 

NOTES: 

1.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 

2.  Total  Supply  Current  =  Ice  +  EAICC- 


MOTOROLA  HIGH-SPEED  CMOS  LOGIC  DATA 


MC54/74HCT640 

AC  ELECTRICAL  CHARACTERISTICS  (VCc  =  5.0  V  ±10%,  CL  =  50pF,  Input  tr  =  tf  =  6  ns) 


Symbol 

Parameter 

Guaranteed  Limit 

Unit 

25°C  to 
-SS'C 

<85°C 

<125°C 

«PLH. 
>PHL 

Maximum  Propagation  Delay,  A  to  B  or  B  to  A 
(Figures  1  and  3) 

22 

28 

33 

ns 

tpLZ- 
«PHZ 

Maximum  Propagation  Delay,  Direction  or  Output  Enable  to  A  or  B 
(Figures  2  and  4) 

30 

38 

45 

ns 

tPZL. 
«PZH 

Maximum  Propagation  Delay,  Direction  or  Output  Enable  to  A  or  B 
(Figures  2  and  4) 

30 

38 

45 

ns 

Tlh- 

»THL 

Maximum  Output  Transition  Time,  Any  Output 
(Figures  1  and  3) 

12 

15 

18 

ns 

Cin 

Maximum  Input  Capacitance,  Pin  1  or  19 

10 

10 

10 

pF 

cout 

Maximum  Three-State  I/O  Capacitance  (Output  in  High-Impedance  State) 

15 

15 

15 

PF 

NOTES: 

1.  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


CPD 

Power  Dissipation  Capacitance  (Per  Transceiver  Channel) 

Typical  @  25°C.  Vcc  =  5.0  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 

PD  =  Cpo  Vcc2f+icc  VCC 

45 

pF 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

SWITCHING  WAVEFORMS 


OUTPUT 
B 


ITPUT  \"»  X 

or  a  yo%  J 

THl— H  [*—        — U 


-'TLH 


Figure  1 


DIRECTION 


OUTPUT 
ENABLE 


A  OR  B 


A  OR  B 


-•PZL  'PLZ- 


-'PZH  'PHZ- 


1.3  V 


Figure  2 


3  V 

GND 

3  V 

GN0 
HIGH 

IMPEDANCE 


10* 


VOL 

90%   V0H 


HIGH 

IMPEDANCE 


TEST  POINT 

OUTPUT 

DEVICE 

DEVICE 

UNDER  TEST 

Ci  * 

I 

UNDER  TEST 

♦Includes  all  probe  and  jig  capacitance. 
Figure  3.  Test  Circuit 


TEST  POINT 


Jcl*  I 


CONNECT  TO  VCC  WHEN 
TESTING  tpi.z  and  tpzi 
CONNECT  TO  GND  WHEN 
TESTING  tpHZ  AND  tpZH. 


♦includes  all  probe  and  jig  capacitance. 
Figure  4.  Test  Circuit 
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MOTOROLA  HIGH-SPEED  CMOS  LOGIC  DATA 
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Octal  3-State  Inverting  and 
Noninverting  Bus  Transceiver 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC643  is  identical  in  pinout  to  the  LS643.  The  device  inputs  are 
compatible  with  standard  CMOS  outputs;  with  pullup  resistors,  they  are  compatible 
with  LSTTL  outputs. 

The  HC643  is  a  3-state  transceiver  that  is  used  for  2-way  asynchronous  communi- 
cation between  data  buses.  The  device  has  an  active-low  Output  Enable  pin,  which 
is  used  to  place  the  I/O  ports  into  high-impedance  states.  The  Direction  control 
determines  whether  data  flows  from  A  to  B  or  from  B  to  A. 

The  HC643  performs  functions  similar  to  those  of  the  HC245  and  the  HC640. 

•  Output  Drive  Capability:  15  LSTTL  Loads 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1  /iA 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  292  FETs  or  73  Equivalent  Gates 


LOGIC  DIAGRAM 


J  SUFFIX 
CERAMIC 
CASE  732 


N  SUFFIX 
PLASTIC 
CASE  738 


DW  SUFFIX 

SOIC 
CASE  751 D 


ORDERING  INFORMATION 

MC74HCXXXN  Plastic 
MC54HCXXXJ  Ceramic 
MC74HCXXXDW  SOIC 

Ta=  -55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 


M- 
A2- 
A3- 
A4- 
A5- 
A6- 
A7- 
11. 
DIRECTION. 


A 

DATA 
PORT 


2 

18 

3 

17 

4 

16 

5 

15 

6 

14 

7  ^ 

8 

12 

9 

11 

-B1 
-B2 
-B3 

-  B4 
-B5 
-B6 
-B7 

-  B8 


DATA 
PORT 


OUTPUT  ENABLE  -!!_ 


PIN  10-GND 
PIN  20-VCC 


PIN  ASSIGNMENT 


FUNCTION  TABLE 


Control  Inputs 

Output 

Enable 

Direction 

Operation 

L 

L 

Data  transmitted  from  Bus  B  to  Bus  A  (not  inverted) 

L 

H 

Data  transmitted  from  Bus  A  to  Bus  B  (inverted) 

H 

X 

Buses  Isolated  (High- Impedance  State) 

X  =  don't  care 


MOTOROLA  HIGH-SPEED  CMOS  LOGIC  DATA 


MC54/74HC643 


MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

VCC 

DC  Supply  Voltage  (Referenced  to  GND) 

-0.5  to  +7.0 

V 

Vin 

DC  Input  Voltage  (Referenced  to  GND),  Pin  1  or  19 

-  1.5  to  V(;c  +  1  -5 

V 

V|/0 

DC  I/O  Voltage  (Referenced  to  GND} 

-0.5  to  Vcc+0.5 

V 

•in 

DC  Input  Current,  per  Pin 

±20 

mA 

'I/O 

DC  I/O  Current,  per  Pin 

±35 

mA 

ice 

DC  Supply  Current,  Vqc  and  GND  Pins 

±75 

mA 

PD 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tstq 

Storage  Temperature 

-65  to  +150 

°C 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°C 

♦Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
tDerating  -  Plastic  DIP:  -10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltages  higher  than  the  maximum 
rated  voltages  to  this  high- 
impedance  circuit.  For  proper 
operation,  Vjn  and  Vout  should  be 
constrained  to  the  range  GND<(Vjn 
or  Vout)<VCC. 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  level  (e.g., 
either  GND  or  VccK  Unused  outputs 
must  be  left  open.  I/O  pins  must  be 
connected  to  a  properly  terminated 
line  or  bus.  See  Chapter  4  subject 
listing  on  page  4-2. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vec 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

VCC 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

V.  tf 

Input  Rise  and  Fall  Time  Vcc=2.0V 
(Figure  1)  Vcc=4.5V 

VCC  =  6.0  V 

0 

0 
0 

1000 
500 
400 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 

Symbol 

Parameter 

Test  Conditions 

VCC 
V 

Guaranteed  Limit 

Unit 

2S°C  to 
-55°C 

-s86°C 

£125"C 

V|H 

Minimum  High-Level  Input 
Voltage 

Vout=0.1  VorVcc-0.1  V 
Moutl  S20^A 

2.0 
4.5 
6.0 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

V 

V|L 

Maximum  Low-Level  Input 
Voltage 

Vout  =  0-1  VorVcc-0.1  V 
|lout|s20^ 

2.0 
4.5 
6.0 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

V 

V0H 

Minimum  High-Level  Output 
Voltage 

Vin  =  V|HorV|L 
|loutls20^ 

2.0 
4.5 
6.0 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

V 

Vin  =  V|HorV|L  H^lse.OmA 
lou,|  s7.8  mA 

4.5 
6.0 

3.98 
5.48 

3.84 
5.34 

3.70 
5.20 

vol 

Maximum  Low-Level  Output 
Voltage 

Vin  =  V|H  or  V|L 
|lout|s20/1A 

2.0 
4.5 
6.0 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

V 

Vin  =  V|HorV|L  lloutlse.OmA 
|lout|s7.8mA 

4.5 
6.0 

0.26 
0.26 

0.33 
0.33 

0.40 
0.40 

lin 

Maximum  Input  Leakage  Current 

Vin  =  VCC  or  GND,  Pin  1  or  19 

6.0 

±0.1 

±1.0 

±1.0 

*A 

ioz 

Maximum  Three-State  Leakage 
Current 

Output  in  High-Impedance  State 
vin  =  vIL  °rVIH 
Vout  =  VcC  or  GND 

6.0 

±0.5 

±5.0 

±10.0 

(•A 

ice 

Maximum  Quiescent  Supply 
Current  (per  Package) 

Vin  =  VcCor  GND 
l0ut  =  n/»A 

6.0 

8 

80 

160 

^A 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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AC  ELECTRICAL  CHARACTERISTICS  (CL  =  50  pF,  Input  tr  =  tf  =  6  ns) 


vcc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

25°C  to 
-55°C 

s85°C 

<125°C 

Unit 

'PLH. 
tPHL 

Maximum  Propagation  Delay,  A  to  B,  B  to  A 
(Figures  1  and  3) 

2.0 
4.5 
6.0 

100 
20 
17 

125 
25 
21 

150 
30 
26 

ns 

'PLZ. 
'PHZ 

Maximum  Propagation  Delay,  Direction  or  Output  Enable  to  A  or  B 
(Figures  2  and  4) 

2.0 
4.5 
6.0 

150 
30 
26 

190 
38 
33 

225 
45 
38 

ns 

'PZL. 
'PZH 

Maximum  Propagation  Delay,  Direction  or  Output  Enable  to  A  or  B 
(Figures  2  and  4) 

2.0 
4.5 
6.0 

150 
30 
26 

190 
38 
33 

225 
45 
38 

ns 

TLH. 
<THL 

Maximum  Output  Transition  Time,  Any  Output 
(Figures  1  and  3) 

2.0 
4.5 
6.0 

60 
12 
10 

75 
15 
13 

90 
18 
15 

ns 

Cin 

Maximum  Input  Capacitance,  Pin  1  or  19 

10 

10 

10 

pF 

^out 

Maximum  Three-State  I/O  Capacitance  (Output  in  High-Impedance 
State) 

15 

15 

15 

pF 

NOTES: 

1.  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 

Cpd 

Power  Dissipation  Capacitance  (Per  Transceiver  Channel) 

Typical  ( 

}25°C,  VCC  =  5.0V 

Used  to  determine  the  no-load  dynamic  power  consumption: 
PD  =  CPD  Vcc^+'CC  VCC 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

40 

PF 

SWITCHING  WAVEFORMS 


INPUT  j/90%  \ 

90%  Jf  

50%/ 

io%y 


OUTPUT 
A 


OUTPUT 


  GND 


OUTPUT 
ENABLE 


A  OR  B 


A  OR  B 


■  -50% 


"'PZL  IPLZ" 


-<PZH  tpHZ" 


50% 


10%  , 


«cc 

■  GND 

'  vCc 

GND 
'  HIGH 

impedance 
-vol 


90%  voh 


Figure  1 


Figure  2 


HIGH 

IMPEDANCE 


TEST  POINT 


♦Includes  all  probe  and  jig  capacitance. 
Figure  3.  Test  Circuit 


CONNECT  TO  Vcc  WHEN 
TESTING  tpLZ  AND  tPzl. 
CONNECT  TO  GND  WHEN 
TESTING  tPHZ  AND  tPZH. 


♦includes  all  probe  and  jig  capacitance. 
Figure  4.  Test  Circuit 
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Octal  3-State  Inverting  and 
Noninverting  Bus  Transceiver 
with  LSTTL-Compatible  Inputs 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HCT643  may  be  used  as  a  level  converter  for  interfacing  TTL  or 
NMOS  outputs  to  High-Speed  CMOS  inputs. 
The  HCT643  is  identical  in  pinout  to  the  LS643. 

The  HCT643  is  a  3-state  transceiver  that  is  used  for  2-way  asynchronous  commu- 
nication between  data  buses.  The  device  has  an  active-low  Output  Enable  pin, 
which  is  used  to  place  the  I/O  ports  into  high-impedance  states.  The  Direction  con- 
trol determines  whether  data  flows  from  A  to  B  or  from  B  to  A. 

The  HCT643  performs  functions  similar  to  those  of  the  HCT245  and  the  HCT640. 

•  Output  Drive  Capability:  15  LSTTL  Loads 

•  TTL/NMOS-Compatible  Input  Levels 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  4.5  to  5.5  V 

•  Low  Input  Current:  1 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  342  FETs  or  85.5  Equivalent  Gates 


J  SUFFIX 
CERAMIC 
CASE  732 


N  SUFFIX 
PLASTIC 
CASE  738 


DW  SUFFIX 

SOIC 
CASE  7S1D 


ORDERING  INFORMATION 

MC74HCTXXXN  Plastic 
MC54HCTXXXJ  Ceramic 
MC74HCTXXXDW  SOIC 

Ta=  -55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 


A 

DATA  , 
PORT 


OUTPUT  ENABLE  - 


LOGIC  DIAGRAM 


2   X  » 

«  »'8 

3 

<  »17 

4  «  • 

«  ■  16 

5  «  • 

-a  »15 

6  „  „ 

«  »'4 

7  «  » 

*  »13 

8  „  w 

-*  »  12 

PIN  10  -  GND 
PIN  20  -  VCC 


►  DATA 
PORT 


PIN  ASSIGNMENT 


DIRECTION  [ 

1  • 

20  ] 

MI 

2 

19] 

A2C 

3 

18  ] 

A3  C 

4 

17  ] 

A4  C 

5 

16] 

A5  [ 

6 

15  ] 

A6  [ 

7 

14  ] 

A7C 

8 

13  ] 

A8  C 

9 

12] 

GND  I 

10 

11  ] 

OUTPUT 
ENABLE 


FUNCTION  TABLE 


Control  Inputs 

Output 

Enable 

Direction 

Operation 

L 

L 

Data  transmitted  from  Bus  B  to  Bus  A  (not  inverted) 

L 

H 

Data  transmitted  from  Bus  A  to  Bus  B  (inverted) 

H 

X 

Buses  isolated  (high-impedance  state) 

X  =  don't  care 
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MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

VCC 

ouppiy  voitage  tneierenceo  to  upju/ 

—  u.t>  to  +  /.u 

v,n 

uu  input  voitage  ineTerenceo  to  uinuj,  rin  i  or  ia 

—  i  .0  to  VCC 

V|/0 

DC  I/O  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc +  0.5 

V 

'in 

DC  Input  Current,  per  Pin 

±20 

mA 

h/o 

DC  I/O  Current,  per  Pin 

±35 

mA 

ice 

DC  Supply  Current,  Vcc  and  GND  pins 

±  75 

mA 

PD 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tstq 

Storage  Temperature 

-65  to  +150 

°C 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°C 

*Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
TDerating  -  Plastic  DIP:  - 10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -  10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltages  higher  than  the  maximum 
rated  voltages  to  this  high- 
impedance  circuit.  For  proper 
operation,  Vjn  and  V0UI  should  be 
constrained  to  the  range  GND<(Vjn 
or  Vout,<VCC. 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  level  (e.g., 
either  GND  or  Vcc).  Unused  outputs 
must  be  left  open.  I/O  pins  must  be 
connected  to  a  properly  terminated 
line  or  bus.  See  Chapter  4  subject 
listing  on  page  4-2. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

4.5 

5.5 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GNDI 

0 

VCC 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

V.  tf 

Input  Rise  and  Fall  Time  (Figure  11 

0 

500 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 


vCc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

Test  Conditions 

25°  C  to 
-55°C 

<85»C 

<125°C 

Unit 

V|H 

Minimum  High-Level  Input 
Voltage 

Vout  =  0.1  Vor  VCC-0.1  V 
|lout|s20^A 

4.5 

5.5 

2.0 
2.0 

2.0 
2.0 

2.0 
2.0 

V 

V|L 

Maximum  Low-Level  Input 
Voltage 

Vou,  =  0.1  Vor  Vcc-0.1  V 
|lout|s20^A 

4.5 

5.5 

0.8 
0.8 

0.8 
0.8 

0.8 
0.8 

V 

V0H 

Minimum  High-Level  Output 
Voltage 

Vin  =  V|H  or  V|L 
|lout]s20^ 

4.5 
5.5 

4.4 
5.4 

4.4 
5.4 

4.4 
5.4 

V 

Vin  =  V|H  or  V|L 
|lout|s6.0  mA 

4.5 

3.98 

3.84 

3.70 

vol 

Maximum  Low-Level  Output 
Voltage 

Vin  =  V|H  or  V|L 
|lout|<20MA 

4.5 

5.5 

0.1 
0.1 

0.1 
0.1 

0.1 
0.1 

V 

Vin  =  V|H  or  V|L 
|lout|s6.0  mA 

4.5 

0.26 

0.33 

0.40 

■fn 

Maximum  Input  Leakage  Current 

vin  =  vCC  or  GND,  Pin  1  or  19 

5.5 

±0.1 

±1.0 

±1.0 

ioz 

Maximum  Three-State  Leakage 
Current 

Output  in  High-Impedance  State 

viri"=V|L  or  V|H 

Vout  =  VcC  or  GND,  I/O  Pins 

5.5 

±0.5 

±5.0 

±10.0 

/.A 

ice 

Maximum  Quiescent  Supply 
Current  (per  Package! 

Vin  =  Vcc°r  GND 
l0ut  =  °/<A 

5.5 

8 

80 

160 

«A 

AlCC 

Additional  Quiescent  Supply 

Vjn  =2.4  V,  Any  One  Input 

>  -55°C 

25°  C  to  125°C 

Current 

Vin  =  VeC  or  GND,  Other  Inputs 

lout  =  °eA 

5.5 

2.9 

2.4 

mA 

NOTES: 


1.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 

2.  Total  Supply  Current  =  Ice +  EAIcc- 
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AC  ELECTRICAL  CHARACTERISTICS  (Vcc  =  5.0  V  ±10%,  CL  =  50  pF,  Input  tr  =  tf  =  6  ns) 


Symbol 

Parameter 

Guaranteed  Limit 

Unit 

25°C  to 
—  55°C 

<85°C 

<125°C 

*PLH' 
<PHL 

Maximum  Propagation  Delay,  A  to  B  or  B  to  A 
(Figures  1  and  3) 

22 

28 

33 

ns 

«PLZ. 
tPHZ 

Maximum  Propagation  Delay,  Direction  or  Output  Enable  to  A  or  B 
(Figures  2  and  4) 

30 

38 

45 

ns 

»PZL. 
«PZH 

Maximum  Propagation  Delay,  Direction  or  Output  Enable  to  A  or  B 
(Figures  2  and  4) 

30 

38 

45 

ns 

•tlh- 

<THL 

Maximum  Output  Transition  Time,  Any  Output 
(Figures  1  and  3} 

12 

15 

18 

ns 

Cin 

Maximum  Input  Capacitance,  Pin  1  or  19 

10 

10 

10 

pF 

cout 

Maximum  Three-State  I/O  Capacitance  (Output  in  High-Impedance  State) 

15 

15 

15 

pF 

NOTES: 

1.  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typicaf  parametric  values  can  be  found  in  Chapter  4. 


CPD 

 1 

Power  Dissipation  Capacitance  (Per  Transceiver  Channel) 

Typical  @  25-C,  VCC=S°  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 

pD  =  Cpo  Vcc^+lcC  VCC 

45 

pF 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

SWITCHING  WAVEFORMS 


Figure  1  Figure  2 


TEST  POINT 

DEVICE 

OUTPUT 

DEVICE 

UNDER 

Ci  * 

UNDER 

TEST 

I 

TEST 

CONNECT  TO  Vcc  WHEN 
TESTING  tpLZ  AND  tpZL. 
CONNECT  TO  GNO  WHEN 
.  TESTING  1PHZ  AND  lpZH. 


♦Includes  all  probe  and  jig  capacitance. 
Figure  3.  Test  Circuit 


♦Includes  all  probe  and  jig  capacitance. 
Figure  4.  Test  Circuit 
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Octal  3-State  Bus  Transceivers 
and  D  Flip-Flops 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC646  and  the  MC54/74HC648  are  identical  in  pinout  to  the  LS646 
and  the  LS648.  The  device  inputs  are  compatible  with  standard  CMOS  outputs; 
with  pullup  resistors,  they  are  compatible  with  LSTTL  outputs. 

These  devices  are  bus  transceivers  with  D  flip-flops.  Depending  on  the  status  of 
the  Data-Source  Selection  pins,  data  may  be  routed  to  the  outputs  either  from  the 
flip-flops  or  transmitted  real-time  from  the  inputs  (see  Function  Table  and  Applica- 
tion Information). 

The  Output  Enable  and  the  Direction  pins  control  the  transceiver's  function. 
Bus  A  and  Bus  B  cannot  be  routed  as  outputs  to  each  other  simultaneously,  but 
can  be  routed  as  inputs  to  the  A  and  B  flip-flops  simultaneously.  Also,  the  A  and  B 
flip-flops  can  be  routed  as  outputs  to  Bus  A  and  Bus  B  simultaneously.  Additionally, 
when  either  or  both  of  the  ports  are  in  the  high-impedance  state,  these  I/O  pins 
may  be  used  as  inputs  to  the  D  flip-flops  for  data  storage. 

The  user  should  note  that  because  the  clocks  are  not  gated  with  the  Direction 
and  Output  Enable  pins,  data  at  the  A  and  B  ports  may  be  clocked  into  the  storage 
flip-flops  at  any  time. 

•  Output  Drive  Capability:  15  LSTTL  Loads 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1  >iA 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  780  FETs  or  195  Equivalent  Gates 


LOGIC  DIAGRAM 


MC54/74HC648 


ORDERING  INFORMATION 

MC74HCXXXN  Plastic 
MC54HCXXXJ  Ceramic 
MC74HCXXXDW  SOIC 

T^=  -55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 


FLIP-FLOP 
CLOCKS 


PIN  ASSIGNMENT 


A-TO-B  r 
CLOCK1 

1  • 

24 

3vcc 

A-TO-B  r 
SOURCE 1 

2 

23 

1  BTO-A 
J  CLOCK 

direction! 

3 

22 

1  B-TO-A 

•■source 

A0[ 

4 

21 

]  OUTPUT  ENABLE 

A1[ 

5 

20 

Ibo 

A2[ 

6 

19 

161 

A3[ 

7 

18 

]B2 

A4[ 

8 

17 

lB3 

A5[ 

9 

16 

]B4 

A6[ 

10 

15 

IBS 

A7[ 

11 

14 

]B6 

GN0[ 

12 

13 

]B7 

HC646  -  Noninverting  Outputs 
HC648  -  Inverting  Outputs 


DATA-SOURCE  (  A.T0.B  S0(JRCE 
SELECTION* 

INPUTS  I  B™  S0URCE 


PIN  24  =  VCC 
PIN  12  =  GND 
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MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

VCC 

l/v**  o ufjpi y  v ui idyc  \ ntri t?i ci ilcu  iu  oiil/i 

_  0  5  to  +70 

y 

vin 

nr  Inmit  Vriltana  /RpfprpnrpH  tn  f^ND) 
i_/ V—  llrpul  v ur Lay K  \nclcl  trl  itcU  LU      IN  u  I 

1  .O  WJ  "(IT  I.J 

V 

V|/0 

DC  I/O  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc+0.5 

V 

•in 

DC  Input  Current,  per  Pin 

±20 

mA 

'I/O 

DC  I/O  Current,  per  Pin 

±35 

mA 

ice 

DC  Supply  Current,  Vcc  and  GND  pins 

+  75 

mA 

PD 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tstq 

Storage  Temperature 

-65  to  +150 

°C 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
IPIastic  DIP  or  SOIC  Package! 

{Ceramic  DIPI 

260 
300 

°C 

'Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
tDerating  -  Plastic  DIP:  -10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -  10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltages  higher  than  the  maximum 
rated  voltages  to  this  high- 
impedance  circuit.  For  proper 
operation,  Vjn  and  Vout  should  be 
constrained  to  the  range  GND  £  (Vjn 
orVout)<VCC. 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  level  {e.g., 
either  GNDorVccl-  Unused  outputs 
must  be  left  open.  I/O  pins  must  be 
connected  to  a  properly  terminated 
line  or  bus.  See  Chapter  4  subject 
listing  on  page  4-2. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

vcc 

V 

ta 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

tr.tf 

Input  Rise  and  Fall  Time                          VCc  =2.0  V 
(Figure  1)                                          VCc  =  4-5V 

VCC  =  6.0  V 

0 
0 
0 

1000 
500 

 —  

ns 

DC  ELECTRICAL  CHARACTERISTICS  [Voltages  Referenced  to  GND) 


vCc 

V 

Guaranteed  Umit 

Symbol 

Parameter 

Teat  Conditions 

26'Cto 
-SS'C 

<85'C 

s125«C 

Unit 

V|H 

Minimum  High-Level  Input 
Voltage 

Vou,=0.1  VorVcc-0.1  V 

2.0 
4.5 
6.0 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

V 

V|L 

Maximum  Low-Level  Input 
Voltage 

Vout  =  0.1  VorVcc-0.1  V 
|lout|s20^ 

2.0 
4.5 
6.0 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

V 

VOH 

Minimum  High-Level  Output 
Voltage 

Vin  =  V|HorVIL 

2.0 
4.5 
6.0 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

V 

Vin-V|HorV|L            |loutl*6.0  mA 
|loutl<7.8  mA 

4.5 
6.0 

3.98 
5.48 

3.84 
S.34 

3.70 
5.20 

vol 

Maximum  Low-Level  Output 
Voltage 

Vin  =  V|H  or  V|L 
|lou,|s20,tA 

2.0 
4.5 
6.0 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

V 

Vin  =  V|HOrV|U            ll^l  <=6.0  mA 
|lout|s7.8mA 

4.5 
6.0 

0.26 
0.26 

0.33 
0.33 

0.40 
0.40 

■in 

Maximum  Input  Leakage  Current 

Vin  =  Vcc  O'  GND 

(Pins  1,  2,  3,  21,  22,  and  23) 

6.0 

±0.1 

±10 

±10 

^A 

ioz 

Maximum  Three-State  Leakage 
Current 

Output  in  High-Impedance  State 

Vin  =  V,LorV|H 

Vout  =  VCcorGND,  I/O  Pins 

6.0 

±0.5 

±5.0 

±10.0 

«A 

•cc 

Maximum  Quiescent  Supply 
Current  (per  Package) 

Vin  =  Vcc  °r  GND 
lout  =  0(iA 

6.0 

8 

80 

160 

NOTE:  Info 

mation  on  typical  parametric  value 

i  can  be  found  in  Chapter  4  subject  listinf 

on  pag 

S4-2. 
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AC  ELECTRICAL  CHARACTERISTICS  ICL  =  50  pF,  Input  tf-tf  =  6  ns) 


vcc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

2S°C  to 
-66°C 

==85°C 

<126°C 

Unit 

i 

Tmax 

Maximum  Clock  Frequency  (50%  Duty  Cycle) 
(Figures  3,  4  and  91 

2  0 
4.5 
6.0 

6.0 
30 
35 

4.8 
24 
28 

4.0 
20 
24 

MHz 

*PLH- 
tPHL 

ividximum  rropayaiion  ueiay,  inpui  m  10  wuipui  d  \ot  input  d  io 

Output  A) 
(Figures  1,  2  and  9) 

2.0 
4.5 
6.0 

170 
34 
29 

215 
43 

37 

255 
51 
43 

lPLH* 
tPHL 

Mavimum  Prnnanatinn  Rolav/    A-tn-R  Plrw-lf  tn  Dntniit  R  Inr  R-tn-A  Plriflr 
ividAui iui 1 1  r  i  upaya  uui  i  utJiay,  n  iu  o  v^iui^k  iu  vjuipui  d  iui  □  iu  n  *_iu<-f. 

to  Output  Al 

(Figures  3,  4  and  9) 

2.0 
4.5 
6.0 

220 
44 
37 

275 
55 
47 

330 
66 
56 

'PLH- 
«PHL 

Maximum  Propagation  Delay,  A-to-B  Source  to  Output  B  (or  B-to-A  Source 
to  Output  Al 
(Figures  5,  6  and  9) 

2  0 
4.5 
6.0 

170 
34 
29 

215 
43 
37 

255 
51 
43 

'PLZ. 
TpHZ 

Maximum  Propagation  Delay.  Direction  or  Output  Enable  to  Output  A  or  B 
(Figures  7,  8  and  10) 

2  0 
4.5 
6.0 

175 
35 
30 

220 
44 

37 

265 
53 
45 

tPZL' 
tPZH 

Maximum  Propagation  Delay,  Direction  or  Output  Enable  to  Output  A  or  B 
(Figures  7,  8  and  10) 

2.0 
4.5 
6.0 

175 
35 
30 

220 
44 
37 

265 
53 
45 

ns 

Tlh. 

tTHL 

Maximum  Output  Transition  Time,  Any  Output 
(Figures  1  and  9) 

2.0 
4.5 
6.0 

60 
12 
10 

75 
15 
13 

90 
18 
15 

ns 

Cin 

Maximum  Input  Capacitance 

10 

10 

pF 

cout 

Maximum  Three-State  Output  Capacitance  (Output  in  High-Impedance 
State) 

15 

15  15 

1 

PF 

NOTES: 

1 .  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 

CPD 

Power  Dissipation  Capacitance  (Per  Channel) 

Typical  @  25°C,  Vcc  =  5.0  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 
PD  =  CPD  Vcc2*  +  ICC  Vcc 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

60 

pF 

TIMING  REQUIREMENTS  (Input  tr  =  tf  =  6  nsl 

VCC 
V 

Guaranteed  Limit 

Symbol 

Parameter 

2S°C  to 
-55°C 

-  85°C 

<M28°C 

Unit 

tsu 

Minimum  Setup  Time,  Input  A  to  A-to-B  Clock  (or  Input  B  to  B-to-A  Clock) 
(Figures  3  and  4) 

2.0 
4.5 
6.0 

100 
20 
17 

125 
25 
21 

150 
30 
26 

ns 

th 

Minimum  Hold  Time,  A-to-B  Clock  to  Input  A  (or  B-to-A  Clock  to  Input  B) 
(Figures  3  and  4) 

2.0 
4.5 
6.0 

5 
5 
5 

5 
5 
5 

5 
5 
5 

ns 

tw 

Minimum  Pulse  Width,  A-to-B  Clock  (or  B-to-A  Clock) 
(Figures  3  and  4) 

2.0 
4.5 
6.0 

80 
16 
14 

100 
20 
17 

120 
24 
20 

ns 

tr.tf 

Maximum  Input  Rise  and  Fall  Times 
(Figure  1) 

2.0 
4.5 
6.0 

1000 
500 
400 

1000 
500 
400 

1000 
500 
400 

ns 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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FUNCTION  TABLE  -  HC646 

{The  Function  Table  for  the  HC648  is  the  same  as  this,  but  with  the  outputs  inverted) 


Control  Inputs 

Data  Port 
Status 

Storage  Flip- 
Flop  States 

Description  of  Operation 

Output 
Enable 

Direc- 
tion 

A-to-B 
Clock 

B-to-A 
Clock 

A-to-B 
Source 

B-to-A 
Source 

A 

B 

Qa 

Qb 

u 

x 

H,L,^ 

H,  L,"V 

X 

X 

X 

X 

no  change 

no  change 

The  output  functions  of  the  A  and  B  ports 
are  disabled. 

X 

X 

L 
H 
X 
X 

X 
X 
L 
H 

L 
H 
X 
X 

X 
X 
L 
H 

The  ports  may  be  used  as  inputs  to  the  storage 
flip-flops.  Data  at  the  inputs  are  clocked  into 
the  flip-flops  with  the  rising  edge  of  the 
Clocks. 

L 

H 

Input: 

Output: 

The  output  mode  of  the  B  data  port  is  enabled 
and  behaves  according  to  the  following  logic 
equation: 

B  =  [A»(A-to-B  Source)] 
+  [QA»(A-to-B  Source)] 

H,L,^_ 

X* 

L 

X 

L 
H 

L 
H 

no  change 
no  change 

no  change 
no  change 

I J  When  A-to-B  Source  is  low,  the  data  at 
the  A  data  port  are  displayed  at  the  B  data 
port.  The  states  of  the  storage  flip-flops 
are  not  affected. 

H 

X 

X 

Qa 

no  change 

no  change 

2.)  When  A-to-B  Source  is  high,  the  states 
of  the  A  storage  flip-flops  are  displayed  at 
the  B  data  port. 

X* 

L 

X 

L 
H 

L 
H 

L 
H 

no  change 
no  change 

3.)  When  A-to-B  Source  is  low,  the  data  at 
the  A  data  port  are  clocked  into  the  A 
storage  flip-flops  by  a  rising-edge  signal 
on  the  A-to-B  Clock. 

H 

X 

L 
H 

Qa 
Qa 

L 
H 

no  change 
no  change 

4.)  When  A-to-B  Source  is  high,  the  data  at 
the  A  data  port  are  clocked  into  the  A 
storage  flip-flops  by  a  rising-edge  signal 
on  the  A-to-B  Clock.  The  states,  Qa,  of 
the  storage  flip-flops  propagate  directly  to 
the  B  data  port. 

L 

L 

Output: 

Input: 

The  output  mode  of  the  A  data  port  is  enabled 
and  behaves  according  to  the  following  logic 
equation: 

A  =  [B»(B-to-A  Source)] 
+  [Qg*(  B-to-A  Source)] 

X* 

HATV 

X 

L 

L 
H 

L 
H 

no  change 
no  change 

no  change 
no  change 

1.)  When  B-to-A  Source  is  low,  the  data  at 
the  B  data  port  are  displayed  at  the  A  data 
port.  The  states  of  the  storage  flip-flops 
are  not  affected. 

X 

H 

Qb 

X 

no  change 

no  change 

2.)  When  B-to-A  Source  is  high,  the  states 
of  the  B  storage  flip-flops  are  displayed  at 
the  A  data  port. 

X* 

X 

L 

L 
H 

L 
H 

no  change 
no  change 

L 
H 

3.)  When  B-to-A  Source  is  low,  the  data  at 
the  B  data  port  are  clocked  into  the  B 
storage  flip-flops  by  a  rising-edge  signal 
on  the  B-to-A  Clock. 

X 

H 

Qb 
Qb 

L 
H 

no  change 
no  change 

L 
H 

4.)  When  B-to-A  Source  is  high,  the  data  at 
the  B  data  port  are  clocked  into  the  B 
storage  flip-flops  by  a  rising-edge  signal 
on  the  B-to-A  Clock.  The  states,  Qg,  of 
the  storage  flip-flops  propagate  directly  to 
the  A  data  port. 

*The  clocks  are  not  internally  gated  with  either  the  Output  Enables  or  the  Source  inputs.  Therefore,  data  at  the  A  and  B  ports  may  be  clocked  into 
the  storage  flip-flops  at  any  time. 
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BUS 
A 


-N 

-v 


A 

FLIP-FLOPS 


CONTROL 
LOGIC 


A- 


A 

FLIP  FLOPS 


CONTROL 
LOGIC 


(131  1211  Ml  (231  (21  (221  J"  (31 

CONTROL  I 
DIRECTION    OUTPUT       ATOB       B  TO-A       ATOB       B  TO  A  PINS  IDIRECTI 

ENABLE       CLOCK       CLOCK      SOURCE      SOURCE  [ 

X  H  -/~         S~  X  X  H 

Data  Storage  From  A  and/or  B  Bus  Real-Time  Transfer  From  Bus  A  to  Bus  B 


1211 

111 

1231 

121 

1221 

OUTPUT 

ATOB 

B  TO  A 

ATOB 

B-TO-A 

ENABLE 

CLOCK 

CLOCK 

SOURCE 

SOURCE 

L 

X 

X 

L 

X 

BUS 
A 


A 

FLIP-FLOPS 


B 

FLIP  FLOPS 


CONTROL 
LOGIC 


BUS 
B 


(211 


111 


C  131 
CONTROL  J 
PINS    1DIRECTION     OUTPUT  ATOB 
(  ENABLE  CLOCK 


1231 

B-TO-A 
CLOCK 


(21 


1221 


ATOB  B-TO-A 
SOURCE  SOURCE 


Real-Time  Transfer  From  Bus  B  to  Bus  A 
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TIMING  DIAGRAMS  AND  SWITCHING  DIAGRAMS  -  HC646 

(The  Diagrams  For  The  HC648  Are  The  Same  As  Below,  But  With  The  Outputs  Inverted) 


OUTPUT  ENABLE 


Vrjc 


GND 


A  TO  B  SOURCE 


•vcc 

GND 

vcc 

•  GNO 


-H  K-t,  — H  H-if 

;c50%  a; 

 3-10%  !:  


A  DATA  PORT 


-'PLH- 


B  DATA  PORT 


GND 

—  VCC 
  GND 


-tPHL- 


90%  f  =\ 

50%-,*  U 

jEdf  \  

-»J   U— 1TLH   »A  \-  


-'TLH   H    N  'THL 

Figure  1.  A  Data  Port  =  Input.  B  Data  Port  =  Output 


OUTPUT  ENABLE 


—  VCC 
 GND 


—  vcc 


DIRECTION 


—  vcc 


BTO-A  SOURCE 


A TO-B  SOURCE 


B  DATA  PORT 




<xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

ip  dp 

Jc10% 


-'PLH- 


VCC 
GND 

vcc 


-'PHL- 


T 50%  C 
/  \ 


Figure  2.  A  Data  Port  =  Output,  B  Data  Port  =  Input 


Em- 


Don't  Care  State 
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OUTPUT  ENABLE 


DIRECTION 


■vcc 


—  GNO 


B-TO-A  SOURCE 


A-TO-B  SOURCE 


vcc 

GNO 

-vcc 

-GND 


B-TO-A  CLOCK 


,— vCc 


A  DATA  PORT 


A-TO  B  CLOCK 


p~'su, 

^'50% 


'PLH  ■ 


GNO 

-vCc 

-GND 


B  DATA  PORT 


50% 


*  /  V 


—vcc 

 GNO 


Figure  3.  A  Data  Port  =  Input,  B  Data  Port  =  Output 


OUTPUT  ENABLE 


—  vcc 

  GND 


DIRECTION 


—  vcc 

 GND 


A-TO-B  SOURCE 


B-TO-A  SOURCE 


vcc 

GNO 

■vcc 


A-TO-B  CLOCK 


r~  vcc 


B  DATA  PORT 


-M  H-'su 


B-TO-A  CLOCK 


'PLH  ■ 


—  vcc 

 GNO 


A  DATA  PORT 


50* 


>  f  v 

,m"       -a  k^-'PHL 


—vcc 

 GND 


Figure  4.  B  Data  Port  =  Input,  A  Data  Port  =  Output 
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OUTPUT  ENABLE 


— vcc 

 GND 


"VCC 
-GND 


INTERNAL  ( 
(FLIP-FLOP  E 


>  ■ 

 GND 

-5OS  J 

t  \ 

t  \ 

—vcc 

KM 

<xxx 

xxxx; 

<xxx: 

<xxx: 

<xxxxxxxxxxxxxxx: 

t)  'PLH-* 

—vcc 

■•-tPHL 

r 

tPLH— 

s 

*-'PHl  ( 

B  DATA  PORT 


©  © 


NOTES: 

t.  B  Data  Port  (output)  changes  from  the  level  of  the  storage  flip-flop,  O-a,  to  the  level  of  A  Data  Port  (input). 

2.  B  Data  Port  (output)  changes  from  the  level  of  A  Data  Port  (input)  to  the  level  of  the  storage  flip-flop,  Q^. 

3.  The  A  storage  flip-flop,  A-to-B  Source,  and  A  Data  Port  (input)  have  simultaneously  changed  states. 


Figure  5.  A  Data  Port  =  Input,  B  Data  Port  =  Output 
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OUTPUT  ENABLE 


■GNO 


DIRECTION 


—  vcc 

 GND 


INTERNAL 

[FlIP-FLOP 


ixxxxxxxxxxxxxxxxxxxxxxxxxxxxxmm' 


— "cc 


INTERNAL  Qg 
(FLIP-FLOP  Bl 


I 


ATO-B/ 
SOURCE^ 


(xxxxxxxxxxx^xxxxxxxxxxxxxxxxxmrn 


B-TO-A 
SOURCE 


'PLH-»J  H— 


B  DATA  PORT 


A  DATA  PORT 


•'PHL 


GND 
■«CC 


-GND 


«CC 


GND 


a — ^^r\ 


'plh-H 


—  vCc 

 GNO 


-'PHL 


■»cc 


NOTES: 

1.  A  Data  Port  (output)  changes  from  the  level  of  the  storage  flip-flop,  Qn,  to  the  level  of  B  Data  Port  (input). 

2.  A  Data  Port  (output)  changes  from  the  level  of  B  Data  Port  (input)  to  the  level  of  storage  flip-flop,  Qg. 

3.  The  B  storage  flip-flop,  B-to-A  Source,  and  B  Data  Port  (input)  have  simultaneously  changed  states  for  the  purpose  of  this  example.  A  Data 
Port  (output)  is  now  displaying  the  voltage  level  of  B  Data  Port  (input). 


6.  A  Data  Port  =  Output,  B  Data  Port  =  Input 


PIN  DESCRIPTIONS 


INPUTS/OUTPUTS 
A0-A7  (PINS  4-11)  and  B0-B7  (PINS  20-13)  -  A  and  B 

data  ports.  These  pins  may  function  either  as  inputs  to  or 
outputs  from  the  transceivers. 

CONTROL  INPUTS 

OUTPUT  ENABLE  (PIN  21)  -  Active-low  output  enable. 
When  this  pin  is  low,  the  outputs  are  enabled  and  function 
normally.  When  this  pin  is  high,  the  A  and  B  data  ports  are 
in  high-impedance  states.  See  the  Function  Table. 

DIRECTION  (PIN  3)  —  Data  direction  control.  When  the 
Output  Enable  pin  is  low,  this  control  pin  determines  the 
direction  of  data  flow.  When  Direction  is  high,  the  A  data 


ports  are  inputs  and  the  B  data  ports  are  outputs.  When  Di- 
rection is  low,  the  A  data  ports  are  outputs  and  the  B  data 
ports  are  inputs. 

A-TO-B  CLOCK,  B-TO-A  CLOCK  (PINS  1,  23)  -  Clocks 
for  the  internal  D  flip-flops.  With  a  low-to-high  transition  on 
the  appropriate  Clock  pin,  data  on  the  A  (or  B)  inputs  are 
clocked  into  the  internal  A  (or  B)  flip-flops.  These  clocks  are 
not  internally  gated  with  the  Output  Enable  or  the  Direction 
pins,  therefore  data  at  the  A  and  B  pins  may  be  clocked  into 
the  storage  flip-flops  at  any  time. 

A-TO-B  SOURCE,  B-TO-A  SOURCE  (PINS  2, 22)  -  Data- 
source  selection  pins.  Depending  upon  the  states  of  these  pins 
(see  the  Function  Table),  data  at  the  outputs  may  come  either 
from  the  inputs  or  from  the  D  flip-flops. 
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OUTPUT  ENABLE 


DIRECTION 


DATA  PORT  A 


DATA  PORT  A 


DATA  PORT  B 


50% 


\  / 


-IPHZ 


-<PLZ 


j!10% 


-IPZH 


■'PZL 


"^50% 


-'PZH 


-•PZL 


-IPHZ 


-tptz 


-GND 

■vcc 


-  GND 
VOH 

■  HIGH  IMPEDANCE 

■  HIGH  IMPEDANCE 
% 

•V0H 

-  HIGH  IMPEDANCE 

-  HIGH  II 

■vol 


DATA  PORT  A  =  INPUT  DATA  PORT  A  =  OUTPUT 
DATA  PORT  6  =  OUTPUT      DATA  PORT  B  =  INPUT 

Figure  7 


OUTPUT  ENABLE 


OUTPUT  A  OR  B 


OUTPUT  A  OR  B 


■  'PZL  'PLZ- 


-<PZH  'PHZ- 


VCC 

GND 
HIGH 

IMPEDANCE 


10%  _  V0L 
90%  —  VDH 


Figure  8 


TEST  POINT 

DEVICE 

OUTPUT 

DEVICE 

UNDER 

UNDER 

TEST 

r 

TEST 

TEST  POINT 
9 

1  kfi 


CONNECT  TO  VCC  WHEN 
TESTING  1PLZ  AND  tp2L. 
CONNECT  TO  GNO  WHEN 
.  TESTING  tpHZ  ANO  tpZ„. 


•includes  all  probe  and  jig  capacitance. 
Figure  9.  Test  Circuit 


•includes  all  probe  and  jig  capacitance. 
Figure  10.  Test  Circuit 
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rO 


OUTPUT  ENABLE  - 


SBA- 


TBA 


TAB 


22 


B-TO-A  SOURCE 


A-TO-B  SOURCE 


CBA— <J  <} 

CAB  


23 


CAB 


-<j — <y 


B-TO-A  CLOCK 


A  TO  B  CLOCK 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL  DATA 


Octal  3-State  Bus  Transceivers 
and  D  Flip-Flops 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC651  and  the  MC54/74HC652  are  identical  in  pinout  to  the  LS651 
and  the  LS652.  The  device  inputs  are  compatible  with  standard  CMOS  outputs; 
with  pullup  resistors,  they  are  compatible  with  LSTTL  outputs. 

These  devices  are  bus  transceivers  with  D  flip-flops.  Depending  on  the  status  of 
the  Data-Source  Selection  pins,  data  may  be  routed  to  the  outputs  either  from  the 
flip-flops  or  transmitted  real-time  from  the  inputs  (see  Function  Table  and  Applica- 
tion Information). 

The  Output  Enables,  A-to-B  (OEBI  and  B-to-A  (OEA),  control  the  transceiver's 
function.  Bus  A  and  Bus  B  cannot  be  routed  as  outputs  to  each  other  simultane- 
ously, but  can  be  routed  as  inputs  to  the  A  and  B  flip-flops  simultaneously.  Also, 
the  A  and  B  flip-flops  can  be  routed  as  outputs  to  Bus  A  and  Bus  B  simultaneously. 
Additionally,  when  either  or  both  of  the  ports  are  in  the  high  impedance  state,  these 
I/O  pins  may  be  used  as  inputs  to  the  D  flip-flops  for  data  storage. 

The  user  should  note  that  because  the  clocks  are  not  gated  with  the  Output 
Enable  pins,  data  at  the  A  and  B  ports  may  be  clocked  into  the  storage  flip-flops  at 
any  time. 

•  Output  Drive  Capability:  15  LSTTL  Loads 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1  fiA 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  764  FETs  or  191  Equivalent  Gates 


LOGIC  DIAGRAM 


MC54/74HC651 
MC54/74HC652 


ORDERING  INFORMATION 

MC74HCXXXN  Plastic 
MC54HCXXXJ  Ceramic 
MC74HCXXXDW  SOIC 

TA=  -55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 


A 

DATA 
PORT 


OUTPUT 
ENABLES 


FLIP-FLOP 
CLOCKS 


OEA  - 
OEB  - 
A  TO  B  CLOCK  - 
B  TO  A  CLOCK  - 


A  A 


14 
13 


DATA 
PORT 


DATA  SOURCE  (  4  T0  B  S0URCE  . 
SELECTION  J 

INPUTS  I  8  T0  A  S0UflCE 


PIN  ASSIGNMENT 

A  TO  Br 
CLOCK L 
ATOB  r 
SOURCE  L 

0EB[ 

1  • 

2 
3 

24 
23 
22 

]«CC 
1  B-TO-A 
J  CLOCK 
iB-TO  A 
'SOURCE 

A0[ 

4 

21 

]0EA 

mi 

5 

20 

]B0 

A2[ 

6 

19 

]B1 

A3[ 

18 

]B2 

A4[ 

8 

17 

]B3 

A5[ 

9 

16 

]B4 

A6[ 

10 

15 

IBS 

A7[ 

11 

14 

Ira 

GND[ 

12 

13 

]B7 

HC651  -  Inverting  Outputs 
HC652  -  Noninverting  Outputs 


PIN  24=VCC 
PIN  12  =  GND 
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Symbol 

Parameter 

Value 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GNDI 

-0.5  to  +7.0 

V 

Vin 

DC  Input  Voltage  (Referenced  to  GNDI 

-  1.5  to  Vcc  +  1-5 

V 

V|/0 

DC  I/O  Voltage  (Referenced  to  GNDI 

-0.5  to  Vcc  +  0.5 

V 

l(n 

DC  Input  Current,  per  Pin 

+  20 

mA 

h/o 

DC  I/O  Current,  per  Pin 

±35 

mA 

ice 

DC  Supply  Current,  Vcc  and  GND  Pins 

±75 

mA 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

TStfl 

Storage  Temperature 

-65  to  + 150 

°C 

tl 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°C 

♦Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
tDerating  -  Plastic  DIP:  - 10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -  10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltages  higher  than  the  maximum 
rated  voltages  to  this  high- 
impedance  circuit.  For  proper 
operation,  Vjn  and  Vout  should  be 
constrained  to  the  range  GND  <  ( Vjn 
or  V0Ut)<VCC- 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  level  (e.g., 
either  GNDorVcc)-  Unused  outputs 
must  be  left  open.  I/O  pins  must  be 
connected  to  a  properly  terminated 
line  or  bus.  See  Chapter  4  subject 
listing  on  page  4-2. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin.V0ut 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GNDI 

0 

vcc 

V 

Ta 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

tr.  tf 

Input  Rise  and  Fall  Time                          VCc  =  2.0  V 
(Figure  11                                          VCC  =4.5  V 

VCC  =  6.0  V 

0 
0 
0 

1000 
500 
400 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 


vCc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

Test  Conditions 

25' C  to 
-66°C 

<86°C 

<125°C 

Unit 

V|H 

Minimum  High-Level  Input 
Voltage 

Vout  =  0.1  Vor  Vcc-0.1  V 
Haiti 

2.0 
4.5 
6.0 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

V 

V)L 

Maximum  Low-Level  Input 
Voltage 

Vout  =  0.1  Vor  Vcc-0.1  V 
|lout|s20^A 

2.0 
4.5 
6.0 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

V 

VOH 

Minimum  High-Level  Output 
Voltage 

Vin  =  V|HOrV|L 
Haiti  S»*A 

2.0 
4.5 
6.0 

1.9 
4.4 

5.9 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

V 

Vin  =  V|HorVIL  HoutlsB-OmA 
|lout|<7.8  mA 

4.5 
6.0 

3.98 
5.48 

3.84 
5.34 

3.70 
5.20 

vol 

Maximum  Low-Level  Output 
Voltage 

Vin  =  V|HorVIL 

|!outla20*« 

2.0 
4.5 
6.0 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

V 

Vin  =  V|HorV|L  llou^e.OmA 
|lout|s7.8  mA 

4.5 
6.0 

0.26 
0.26 

0.33 
0.33 

0.40 
0.40 

'in 

Maximum  Input  Leakage  Current 

Vin  =  VCC  or  GND 

(Pins  1,  2,  3,  21,  22,  or  23) 

6.0 

±0.1 

±1.0 

±1.0 

MA 

ioz 

Maximum  Three-State  Leakage 
Current 

Output  in  High-Impedance  State 

Vin  =  V|L°rV|H 

Vout  =  VCC  or  GND,  I/O  Pins 

6.0 

±0.5 

±5.0 

±10.0 

«A 

ice 

Maximum  Quiescent  Supply 
Current  (per  Packagel 

Vin  =  VCC  or  GND 
lou,  =  0^ 

6.0 

8 

80 

160 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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AC  ELECTRICAL  CHARACTERISTICS  [CL  =  50  pF,  Input  tr  =  tf  =  6  ns) 


VCC 
V 

Guaranteed  Limit 

Symbol 

Parameter 

2S-C  to 

<8S°C 

s12S°C 

Unit 

-65°C 

'max 

Maximum  Clock  Frequency  (50%  Duty  Cycle) 

2.0 

6.0 

4.8 

4.0 

MHz 

irtgures  o,  h  ana  at 

4.5 

30 

24 

20 

6.0 

35 

28 

24 

tPLH- 

Maximum  Propagation  Delay,  Input  A  to  Output  B  (or  Input  B  to 

2.0 

170 

215 

255 

ns 

'PHL 

\JU  ipu  I  Mf 

4.5 

34 

43 

51 

IF'im  i roe  1     9  anH  Rl 

tnyuico  i,  z  diiu  of 

6.0 

29 

37 

43 

•PLH. 

Maximum  Propagation  Delay,  A-to-B  Clock  to  Output  B  (or  B-to-A  Clock 

2.0 

220 

275 

330 

ns 

'PHL 

tn  fit  itm  it  A  I 

4.5 

44 

55 

66 

fEif-iitrac  Q    d  anH  fit 

inyurcs  o,  *+  diiu  0/ 

6.0 

37 

47 

56 

«PLH. 

Maximum  Propagation  Delay,  A-to-B  Source  to  Output  B  (or  B-to-A  Source 

2.0 

170 

215 

255 

ns 

'PHL 

tn  C\i  itm  it  Al 

4.5 

34 

43 

51 

fPiniirac  (\    fi  snH  fit 

inyurtii)  0,  0  diiu  of 

6.0 

29 

37 

43 

tPLZ. 

Maximum  Propagation  Delay,  OEA  or  OEB  to  Output  A  or  B 

2.0 

175 

220 

265 

ns 

'PHZ 

(Figures  7  and  9) 

4.5 

35 

44 

53 

6.0 

30 

37 

45 

tPZL- 

Maximum  Propagation  Delay,  OEA  or  OEB  to  Output  A  or  B 

2.0 

175 

220 

265 

ns 

tPZH 

(Figures  7  and  91 

4.5 

35 

44 

53 

6.0 

30 

37 

45 

•tlh. 

Maximum  Output  Transition  Time,  Any  Output 

2.0 

60 

75 

90 

ns 

Thl 

(Figures  1  and  8) 

4.5 

12 

15 

18 

6.0 

10 

13 

15 

Cin 

Maximum  Input  Capacitance 

10 

10 

10 

PF 

cout 

Maximum  Three-State  Output  Capacitance  (Output  in  High-Impedance 

15 

15 

15 

pF 

State) 

NOTES: 

1 .  For  propagation  delays  with  toads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


CPD 

Power  Dissipation  Capacitance  (Per  Channel) 

Typical  @  25°C.  VCC  =  5.0  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 

PD  =  CPD  Vcc^f+ICC  Vcc 

60 

pF 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

TIMING  REQUIREMENTS  (Input  tr  =  tf  =  6  ns) 


vcc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

25"C  to 
-56"C 

<85"C 

<12S°C 

Unit 

*su 

Minimum  Setup  Time,  Input  A  to  A-to-B  Clock  (or  Input  B  to  B-to-A  Clock) 
(Figures  3  and  4) 

2.0 
4.5 
6.0 

100 
20 
17 

125 
25 
21 

150 
30 
26 

ns 

«h 

Minimum  Hold  Time,  A-to-B  Clock  to  Input  A  (or  B-to-A  Clock  to  Input  B) 
(Figures  3  and  4) 

2.0 
4.5 
6.0 

5 
5 
5 

5 
5 
5 

5 
5 
5 

ns 

»w 

Minimum  Pulse  Width,  A-to-B  Clock  (or  B-to-A  Clock) 
(Figures  3  and  4) 

2.0 
4.5 
6.0 

80 
16 
14 

100 
20 
17 

120 
24 
20 

ns 

V  tf 

Maximum  Input  Rise  and  Fall  Times 
(Figure  1) 

2.0 
4.5 
6.0 

1000 
500 
400 

1000 
500 
400 

1000 
500 
400 

ns 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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FUNCTION  TABLE  -  HC652 

(The  Function  Table  for  the  HC651  is  the  same  as  this,  but  with  the  outputs  invertedl 


Control  Inputs 

Data  Port 
Status 

Storage  Flip- 
Flop  States 

Description  of  Operation 

A-to-B 
Clock 

B-to-A 
Clock 

A-to-B 
Source 

B-to-A 
Source 

OEB 

OEA 

A 

B 

Qa 

Qb 

L 

H 

H.  L,"S. 

H,  ti*N. 

X 

X 

Input: 

X 

Input: 

X 

no  change 

no  change 

The  mitmit  f  1 1  rift  inn  c  nf  tho  A   anrl   R   nnrtc  aro 
INC   UUipUl    1  Ul  IL.LIUMS>   Ul    UlC  r\   dl  IU    O    \JVl  13  die 

disabled. 

y 

X 

X 

L 
H 

X 
X 

X 
X 
L 
H 

L 
H 

X 
X 

X 
X 
L 
H 

The  ports  may  be  used  as  inputs  to  the  storage 
flip-flops.  Data  at  the  inputs  are  clocked  into  the 
flip-flops  with  the  rising  edge  of  the  Clocks. 

H 

H 

Input: 

Output: 

The  outputs  of  the  B  data  port  are  enabled  and 
behave  according  to  the  following  logic  equation: 

B  =  [A»{A-to-B  Source)] +  (QA#(A-to-B  Source)] 

X* 

X* 

L 

X 

L 
H 

L 
H 

no  change 
no  change 

no  change 
no  change 

1.)  When  A-to-B  Source  is  low,  the  data  at  the  A 
data  port  are  displayed  at  the  B  data  port.  The 
states  of  the  storage  flip-flops  are  not  affected. 

H 

X 

X 

Qa 

no  change 

no  change 

2.)  When  A-to-B  Source  is  high,  the  states  of  the 
A  storage  flip-flops  are  displayed  at  the  B  data 
port. 

-T 

X* 

L 

X 

L 
H 

L 
H 

L 
H 

no  change 
no  change 

3.)  When  A-to-B  Source  is  low,  the  data  at  the  A 
data  port  are  clocked  into  the  A  storage  flip- 
flops  by  a  rising-edge  signal  on  the  A-to-B 
Clock 

H 

X 

L 
H 

Qa 
Qa 

L 
H 

no  change 
no  change 

4.)  When  A-to-B  Source  is  high,  the  data  at  the  A 
data  port  are  clocked  into  the  A  storage  flip- 
flops  by  a  rising-edge  signal  on  the  A-to-B 
Clock.  The  states,  Qa.,  of  the  storage  flip-flops 
propagate  directly  to  the  B  data  port. 

L 

L 

Output: 

Input: 

The  outputs  of  the  A  data  port  are  enabled  and 
behave  according  to  the  following  logic  equation: 

A  =  [B»(B-to-A  Source)] +  [QB*(B-to-A  Source)] 

X* 

X* 

X 

L 

L 
H 

L 
H 

no  change 
no  change 

no  change 
no  change 

I.J  When  B-to-A  Source  is  low,  the  data  at  the  B 
data  port  are  displayed  at  the  A  data  port.  The 
states  of  the  storage  flip-flops  are  not  affected. 

X 

H 

Qb 

X 

no  change 

no  change 

2.)  When  B-to-A  Source  is  high,  the  states  of  the 
B  storage  flip-flops  are  displayed  at  the  A  data 
port. 

X* 

X 

L 

L 
H 

L 
H 

no  change 
no  change 

L 
H 

3.)  When  B-to-A  Source  is  low,  the  data  at  the  B 
data  port  are  clocked  into  the  B  storage  flip- 
flops  by  a  rising-edge  signal  on  the  B-to-A 
Clock. 

X 

H 

Qb 
Qb 

L 
H 

no  change 
no  change 

L 
H 

4.)  When  B-to-A  Source  is  high,  the  data  at  the  B 
data  port  are  clocked  into  the  B  storage  flip- 
flops  by  a  rising-edge  signal  on  the  B-to-A 
Clock.  The  states,  Qg,  of  the  storage  flip-flops 
propagate  directly  to  the  A  data  port. 

H 

L 

X* 

X* 

H 

H 

Output: 

Qb 

Output: 

Qa 

no  change 

no  change 

When  A-to-B  Source  and/or  B-to-A  Source  are 
high,  then  states  of  the  A  storage  flip-flops  are 
displayed  on  the  B  port  and/or  the  state  of  the  B 
storage  flip-flops  are  displayed  on  the  A  port. 

*The  clocks  are  not  internally  gated  with  either  the  Output  Enables  or  the  Source  inputs.  Therefore,  data  at  the  A  and  B  ports  may  be  clocked  into 
the  storage  flip-flops  at  any  time. 


| 
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TYPICAL  APPLICATIONS 
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Transfer  Stored  Data  To  A  and/or  B  Bus 


Real-Time  Transfer  From  Bus  B  to  Bus  A 


MOTOROLA  HIGH-SPEED  CMOS  LOGIC  DATA 

5-479 


(The  Diagrams  For  The  HC651  Are  The  Same  As  Below,  But  With  The  Outputs  Inverted) 


OEB 


OEA 


A-TO-B  SOURCE 


 vcc 

  GNO 

 VCC 

  GND 

—  vcc 

  GND 


B  TOA  SOURCE 


A  DATA  PORT 


-I  en  4r* 

 3cio%   


->PLH- 


B  DATA  PORT 


vcc 

GND 
VCC 
  GND 


-'PHL- 


— tTLH   *■    [*  'THL 


Figure  1.  A  Data  Port  =  Input,  B  Data  Port  =  Output 
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 GND 


OEA 


■vcc 

■  GND 


B  TO  A  SOURCE 


—  vcc 

 GND 

vcc 

BHD 


B  DATA  PORT 
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■«-t, 

-  vcc 

 GNO 
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Figure  2.  A  Data  Port  =  Output,  B  Data  Port  =  Input 


NOTE: 


=  Don't  Care  State 
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B-TO-A  SOURCF 
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vCc 
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GND 

-»ce 
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Figure  3.  A  Data  Port  =  Input,  B  Data  Port  =  Output 
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Figure  4.  B  Data  Port  =  Input,  A  Data  Port  =  Output 
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MC54/74HC651-MC54/74HC652 


-vcc 


OEB 


—  GNO 


OEA 


INTERNAL  QA 
(FLIP-FLOP  Al 


-vcc 


 GNO 


INTERNAL  0B  - 
(FLIP-FLOP  Bl  ' 


A-TO-B 
SOURCE 


B-TO-A  ' 
SOURCE  ' 


/  vcc 

 GND 

<xxxxxxxxxxx> 

(xxxxxxxxxxxxxxxxxxxxxx\:c: 

(  \ 

—vcc 

>  GNO 

KXXX 

<xxx 

kxxx: 

<xxx: 

<xxx; 

<xxxxxxxxxxxxxxx::: 

Y)  'PLH-* 

—vcc 

 GND 

*-'PHL 

tPLH  — 

"•-'PHI  ( 

©  © 


NOTES: 

1.  B  Data  Port  (output)  changes  from  the  level  of  the  storage  flip-flop,  O-a,  to  the  level  of  A  Data  Port  (input). 

2.  B  Data  Port  (output)  changes  from  the  level  of  A  Data  Port  (input)  to  the  level  of  the  storage  flip-flop,  Qa- 

3.  The  A  storage  flip-flop,  A-to-B  Source,  and  A  Data  Port  (input)  have  simultaneously  changed  states. 


Figure  5.  A  Data  Port  =  Input,  B  Data  Port  =  Output 
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MC54/74HC651  •MC54/74HC652 


-vcc 


-GND 


—  vcc 


OEA 


"  GND 


INTERNAL 
(FLIP-FLOP 


—vcc 


GND 


INTERNAL  QB 
(FLIP-FLOP  Bl 


ATO-B  i 
SOURCE 


B-TO-A 
SOURCE 


•PLH- 


A  DATA  PORT 


-H        H~  'PHL 


© 


© 


B  DATA  PORT 


"VCC 


-  GND 


vcc 


GND 


'PLH-H       h*--*'  *-'PHL 


—  vcc 

 GND 


\ 


© 


—vcc 

 GND 


NOTES: 

1.  A  Data  Port  (output)  changes  from  the  level  of  the  storage  flip-flop,  Qrj,  to  the  level  of  B  Data  Port  (input). 

2.  A  Data  Port  (output)  changes  from  the  level  of  B  Data  Port  (input)  to  the  level  of  storage  flip-flop,  Qg. 

3.  The  B  storage  flip-flop,  B-to-A  Source,  and  B  Data  Port  (input)  have  simultaneously  changed  states  for  the  purpose  of  this  example.  A  Data 
Port  (output)  is  now  displaying  the  voltage  level  of  B  Data  Port  (input). 

Figure  6.  A  Data  Port  =  Output,  B  Data  Port  =  Input 
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OEA 


A  DATA  PORT  tPLZ 


B  DATA  PORT 


tPLZ" 


A  DATA  PORT  =  OUTPUT 
B  DATA  PORT  =  OUTPUT 


^^90% 


■  'PHZ 


j  ^10%" 

4 —  t 


'PZH 


j  ^10% 


A  DATA  PORT  =  INPUT 
8  DATA  PORT  =  INPUT 


Y 


1PZH  • 


50% 

•PZL 
50% 


A  DATA  PORT  =  INPUT 
B  DATA  PORT  =  OUTPUT 


-<pzl 


A  DATA  PORT  =  OUTPUT 
B  DATA  PORT  =  INPUT 


—  VCC 
 GND 


-V0H 

HIGH 
"  IMPEDANCE 
.  HIGH 

IMPEDANCE 

-Vol 

-V0H 

HIGH 
"  IMPEDANCE 
_  HIGH 

IMPEDANCE 


■«0L 


Figure  7 


TEST  POINT 


CONNECT  TO  Vcc  WHEN 
TESTING  tp[2  AND  tpZL. 
CONNECT  TO  GND  WHEN 
TESTING  tPHZ  AND  1pZH. 


'Includes  all  probe  and  jig  capacitance. 
Figure  8.  Test  Circuit 


♦Includes  all  probe  and  jig  capacitance. 
Figure  9.  Test  Circuit 
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TECHNICAL  DATA 


8-Bit  Equality  Comparator 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC688  is  identical  in  pinout  to  the  LS688.  The  device  inputs  are 
compatible  with  standard  CMOS  outputs;  with  pullup  resistors,  they  are  compatible 
with  LSTTL  outputs. 

The  HC688  compares  two  8-bit  binary  or  BCD  words  and  indicates  whether  or  not 
they  are  equal.  By  using  the  Cascade  Input,  two  or  more  of  the  devices  may  be 
cascaded  to  compare  words  of  more  than  8  bits. 

•  Output  Drive  Capability:  10  LSTTL  Loads 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  1 16  FETs  or  29  Equivalent  Gates 


MC54/74HC688 


LOGIC  DIAGRAM 


Data 
Word 
B 

Inputs 


Input 


Pin  20  =  Vrjc 
Pin  10  =  GND 


J  SUFFIX 
CERAMIC 
CASE  732 


N  SUFFIX 
PLASTIC 
CASE  738 


DW  SUFFIX 

SOIC 
CASE  751 D 


ORDERING  INFORMATION 

MC74HCXXXN  Plastic 
MC54HCXXXJ  Ceramic 
MC74HCXXXDW  SOIC 

TA=  -55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 


PIN  ASSIGNMENT 


FUNCTION  TABLE 


Inputs 

Output 

Data 

Words 

Cascade 

A=B 

A=  B 

L 

L 

A>  B 

L 

H 

A<  B 

L 

H 

X 

H 

H 
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MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

-0.5  to  +7.0 

V 

Vin 

DC  Input  Voltage  (Referenced  to  GND) 

-1.5  to  Vcc +  1-5 

V 

VDut 

DC  Output  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc  +  0-5 

V 

■in 

DC  Input  Current,  per  Pin 

±20 

mA 

'out 

DC  Output  Current,  per  Pin 

+  25 

mA 

ice 

DC  Supply  Current,  Vcc  and  GND  pins 

±50 

mA 

PD 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tstg 

Storage  Temperature 

-65  to  +150 

°C 

TL 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°C 

*  Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
TDerating  -  Plastic  DIP:  -10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  - 10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjn  and 
V0ut  sn0IJ'd  De  constrained  to  the 
range  GIMD< (Vjn  or  Vout>^Vcc. 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  Vcc).  Unused 
outputs  must  be  left  open. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Mm 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage 

(Referenced  to  GND) 

0 

vcc 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

•c 

tr.  tf 

Input  Rise  and  Fall  Time 
(Figure  2) 

VCC  =2.0  V 
VCC  =  4.5  V 
VCC  =6.0  V 

0 
0 
0 

1000 
500 
400 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 

vcc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

Test  Conditions 

25°C  to 
-55°C 

<85°C 

S125°C 

Unit 

V|H 

Minimum  High-Level  Input 
Voltage 

Vout  =  0.1  VorVcc-0.1  V 
\lout\ <20  ,iA 

2.0 
4.5 
6.0 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

V 

VlL 

Maximum  Low-Level  Input 
Voltage 

Vout  =  0.1  VorVcc-0.1  V 
|lout|<20/<A 

2.0 
4.5 
6.0 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

V 

V0H 

Minimum  High-Level  Output 
Voltage 

Vin  =  V|H  or  V,L 
|lout|  s20  iiA 

2.0 
4.5 
6.0 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

V 

Vin  =  V|H  or  V|L 

|lout|<4.0  mA 
jlout|<5.2  mA 

4.5 
6.0 

3.98 
5.48 

3.84 
5.34 

3.70 
5.20 

vol 

Maximum  Low-Level  Output 
Voltage 

Vin  =  V|H  orV|L 

2.0 
4.5 
6.0 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

V 

Vin  =  V|H  or  V|L 

|lout|s4.0mA 
|lout|s5.2  mA 

4.5 
6.0 

0.26 
0.26 

0.33 
0.33 

0.40 
0.40 

■in 

Maximum  Input  Leakage  Current 

Vin  =  VCC  or  GND 

6.0 

±0.1 

±1.0 

±1.0 

/"A 

ice 

Maximum  Quiescent  Supply 
Current  (per  Package) 

Vin  -  VCC  or  GND 
lou[--0„A 

6.0 

8 

80 

160 

/•A 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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AC  ELECTRICAL  CHARACTERISTICS  ICL  =  50  pF,  Input  tr  =  tf  =  6  nsl 


Symbol 

Parameter 

vcc 

V 

Guaranteed  Limit 

Unit 

25"C  to 
-S5«C 

<8S°C 

£125°C 

•PLH. 
<PHL 

Maximum  Propagation  Delay,  Input  A  or  B  to  Output  A  =  B 
(Figures  1  and  3) 

2.0 
4.5 
6.0 

210 
42 
36 

265 
53 
45 

315 
63 
54 

ns 

'PLH. 
<PHL 

Maximum  Propagation  Delay,  Cascade  Input  to  Output  A  =  B 
(Figures  2  and  3) 



2.0 
4.5 
6.0 

120 
24 
20 

150 
30 
26 

180 
36 
31 

ns 

<TLH. 
'THL 

Maximum  Output  Transition  Time,  Any  Output 
(Figures  2  and  31 

2.0 
4.5 
6.0 

75 
15 
13 

95 
19 
16 

110 
22 
19 

ns 

Cin 

Maximum  Input  Capacitance 

10 

10 

10 

pF 

NOTES: 

1 .  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


CPD 

Power  Dissipation  Capacitance  (Per  Package) 

Typical  @  25°C.  VCC=50V 

Used  to  determine  the  no-load  dynamic  power  consumption: 

PD  =  CpD  vCC2f  +  'CC  Vcc 

30 

pF 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

SWITCHING  WAVEFORMS 


FIGURE  1 


FIGURE  2 


Input 
A  or  B 


A=  B 
Output 


 Valid — *  ■*  Valid — »j 

^f50%   ^  _/CZ  i 
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GND 


Cascade  90% 
Input  ,0% 


A=B 
Output 
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'THL 


K— 'PLH 
'TLH 


vcc 

GND 


FIGURE  3  -  TEST  CIRCUIT 
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Output 
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*  Includes  all  probe  and  jig  c 
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TYPICAL  APPLICATION 


Two  or  more  HC688  8-bit  Equality  Comparators  may  be  cascaded  to  compare  binary  or  BCD  numbers  having  more  than 
8  bits.  One  method  of  accomplishing  this  is  shown  here. 


8  Most- 
Significant 
Bits 


[Cascade 
Input 


Bn-1 


A0 


Cascade 
Input 


HC688 


8  Least- 
Significant 
Bits 


"Output 


Cascade 
Input 


EXPANDED  LOGIC  DIAGRAM 


19    A=  B 
Output 


Cascade  1 
Input   
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Product  Preview 

Octal  3-State  Noninverting 
Transparent  Latch  with 
Readback 


The  MC54/74HC793  is  identical  in  pinout  to  the  LS793.  The  device  inputs  are 
compatible  with  standard  CMOS  outputs;  with  pullup  resistors,  they  are  compatible 
with  LSTTL  outputs. 

These  latches  appear  transparent  to  data  (i.e.,  the  outputs  change  asynchron- 
ously) when  Latch  Enable  is  high.  When  Latch  Enable  goes  low,  data  meeting  the 
setup  and  hold  times  becomes  latched. 

The  HC793  can  enable  its  output  data  back  onto  its  input  bus  via  the  I/O  port 
configuration.  The  Output  Enable  input  determines  how  the  pins  D0/Q0-D7/Q7  are 
configured.  When  Output  Enable  is  high,  D0/Q0-D7/Q7  are  inputs  to  the  latches, 
configuring  D0/Q0-D7/Q7  as  an  input  bus.  When  Output  Enable  is  low,  the  outputs 
of  the  latches  are  enabled  on  D0/Q0-D7/Q7,  configuring  D0/Q0-D7/Q7  as  an  out- 
put bus  so  that  the  output  data  can  be  read  back  by  the  host. 

•  Output  Drive  Capability:  10  LSTTL  Loads  (Q0-Q7) 

15  LSTTL  Loads  (D0/Q0-D7/Q7) 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1  jiA 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JE 


LOGIC  DIAGRAM 


I  No.  7A 


D0/Q0  - 
01IQ1- 
D2IQ2- 
03103  - 
04/04" 


D7IQ7- 


2  « » 
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3     m  ^ 

►  18 

4      ^  ^ 

17 
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16 

 <  »■ 

"  «» 



7     ^  ^ 

14 
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 «  » 

9 
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•  00 
■  01 

•  02 

•  03 
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LATCH  ENABLE  - 


OUTPUT  ENABLE  - 


PIN  20  =  VCC 
PIN  10  =  GND 


MC54/74HC793 


J  SUFFIX 
CERAMIC 
CASE  732 


N  SUFFIX 
PLASTIC 
CASE  738 


DW  SUFFIX 

SOIC 
CASE  751 D 


ORDERING  INFORMATION 

MC74HCXXXN  Plastic 
MC54HCXXXJ  Ceramic 
MC74HCXXXDW  SOIC 

Ta=  -55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 


PIN  ASSIGNMENT 

OUTPUT  ENABLE  [ 

1  • 

20 

Ivcc 

DO/QO  [ 

2 

19 

]Q0 

D1/Q1 [ 

3 

18 

101 

D2/Q2  [ 

4 

17 

]Q2 

D3/Q3  [ 

5 

IB 

]03 

D4/04  [ 

6 

15 

104 

D5.-Q5  [ 

7 

14 

]Q5 

D6/Q6  [ 

8 

13 

]Q6 

D7/07  [ 

9 

12 

107 

GND[ 

10 

11 

]  LATCH  ENABLE 

FUNCTION  TABLE 


Inputs 

Outputs 

Output 

Latch 

D/Q 

D/Q 

Q 

Enable 

Enable 

L 

L 

Output 

Q* 

Q* 

L 

H 

Simul- 

Simul- 

D 

taneous 

taneous 

I/O** 

I/O** 

H 

L 

X 

Input 

Q* 

H 

H 

L 

Input 

L 

H 

H 

H 

Input 

H 

*Q  represents  the  previous  latched  state. 
**The  output  of  the  latch  feeds  the  input, 
resulting  in  a  race  condition. 


This  document  contains  information  on  a  product  under  development.  Motorola  reserves  the  right  to  change  or  discontinue  this  product  without  notice. 
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MAXIMUM  RATINGS* 


Symbol 

rwai  i  iw  iu 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

-0.5  to  +7.0 

V 

Vin 

DC  Input  Voltage  (Referenced  to  GND) 

-1.5  to  Vcc +  1-5 

V 

Vout 

DC  Input  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc +  0-5 

V 

'in 

DC  Input  Current,  per  Pin  (Pins  1,11) 

±20 

mA 

'out 

DC  Output  Current,  per  Pin  (Pins  12-19) 

±25 

mA 

'I/O 

DC  Output  Current,  per  Pin  (Pins  2-9) 

±35 

mA 

'cc 

DC  Supply  Current,  Vcc  and  GND  pins 

±75 

mA 

PD 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tstq 

Storage  Temperature 

-65  to  +150 

°C 

T"L 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°C 

*Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
tDerating  -  Plastic  DIP:  -10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -  10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 
RECOMMENDED  OPERATING  CONDITIONS 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltages  higher  than  the  maximum 
rated  voltages  to  this  high- 
impedance  circuit.  For  proper 
operation,  Vjn  and  Vout  should  be 
constrained  to  the  range  GND  <  (Vjn 
or  Vout)<VCC- 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  level  (e.g., 
either  GND  or  VccK  Unused  outputs 
must  be  left  open.  I/O  pins  must  be 
connected  to  a  properly  terminated 
line  or  bus.  See  Chapter  4  subject 
listing  on  page  4-2. 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

vcc 

V 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

tr.  tf 

Input  Rise  and  Fall  Time                          Vcc  =  2.0  V 
(Figure  1)  VCc=4.5V 

VCC  =  6.0  V 

0 
0 

0 

1000 
500 
400 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 

Symbol 

Parameter 

Test  Conditions 

vCc 

V 

Guaranteed  Limit 

Unit 

25°C  to 
-55°C 

5=85°C 

5=125°C 

V|H 

Minimum  High-Level  Input 
Voltage 

Vou,  =  0.1  VorVcc-0.1  V 
Houtls20„A 

2.0 
4.5 
6.0 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

V 

V|L 

Maximum  Low-Level  Input 
Voltage 

Vout  =  0.1  VorVcc-0.1  V 
(loutlsaOcA 

2.0 
4.5 
6.0 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

V 

VOH 

Minimum  High-Level  Output 
Voltage 

Vin  =  V|H  or  V,L 
|Iou,|-20kA 

2.0 
4.5 
6.0 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

V 

Vin  =  V|HorV|L  |lout|<6.0mA 
Pins  2-9                      |lout|s7.8  mA 

4.5 
6.0 

3.98 
5.48 

3.84 
5.34 

3.70 
5.20 

Vin  =  V|HorV|L            |lou,|  5=4.0  mA 
Pins  12-19                   |lout|  5=5.2  mA 

4.5 
6.0 

3.98 
5.48 

3.84 
5.34 

3.70 
5.20 

vol 

Maximum  Low-Level  Output 
Voltage 

Vin  =  V|H  or  V|L 
|lout|  <20  ?A 

2.0 
4.5 
6.0 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

V 

Vir,  =  V|H  orV|L            |lolJt|  S6.0  mA 
Pins  2-9                        |lout|  5=7.8  mA 

4.5 

6.0 

0.26 
0.26 

0.33 
0.33 

0.40 
0.40 

Vin  =  V|H°rV|L  |lout|s4.0mA 
Pins  12-19                   |lout|  5=5.2  mA 

4.5 
6.0 

0.26 
0.26 

0.33 
0.33 

0.40 
0.40 

'in 

Maximum  Input  Leakage  Current 

Vin  =  VCC  °'  GND 

6.0 

±0.1 

±1.0 

±1.0 

/•A 

'oz 

Maximum  Three-State  Leakage 
Current 

Output  in  High-Impedance  State 
Vin=V|L  or  V,h 
Vout  =  Vcc  GND 

6.0 

±0.5 

±5.0 

±10.0 

?A 

'cc 

Maximum  Quiescent  Supply 
Current  (per  Package) 

Vin  =  Vcc  GND 
lout  =  u„A 

6.0 

8 

80 

160 

MA 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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AC  ELECTRICAL  CHARACTERISTICS  (CL  =  50  pF,  Input  tr  =  tf  =  6ns) 


Symbol 

Parameter 

vCc 

V 

Guaranteed  Limit 

Unit 

25°Cto 
-  55°C 

<85°C 

£125°C 

'PLH. 
'PHL 

Maximum  Propagation  Delay,  Input  Data  to  Q 
(Figures  1  and  5) 

2  0 
4.5 
6.0 

150 
30 
26 

190 

38 
33 

225 
45 
38 

'PLH. 
«PHL 

Maximum  Propagation  Delay,  Latch  Enable  to  Q 
(Figures  2  and  5) 

2  0 
4.5 

6.0 

175 
35 
30 

220 
44 
37 

265 
53 
45 

tpLZ, 
'PHZ 

maximum  propagation  ueiay,  uutput  tnauie  to  uu/lhj-u//u/ 
(Figures  3  and  6) 

2  0 
4.5 
6.0 

150 
30 
26 

190 
38 
33 

225 
45 
38 

lPZL. 
tpzH 

Maximum  Propagation  Delay,  Output  Enable  to  D0/Q0-D7/Q7 
(Figures  3  and  6) 

2  0 
4.5 
6.0 

150 
30 
26 

190 
38 
33 

225 
45 
38 

tTLH< 
'THL 

i  

Maximum  Output  Transition  Time,  D0/Q0-D7/Q7 

2.0 
4.5 
6.0 

60 
12 
10 

75 
15 
13 

90 
18 
15 

ns 

♦tlh. 
Thl 

Maximum  Output  Transition  Time,  Q0-Q7 
(Figures  1  and  5) 

2.0 
4.5 
6.0 

75 
15 
13 

95 
19 
16 

110 
22 
19 

ns 

Maximum  Input  Capacitance  (Pins  1,  11) 

10 

10 

10 

pF 

Cout 

Maximum  I/O  Capacitance  (I/O  in  High-Impedance  State) 
(Output  Enable  =  V|h) 

15 

15 

15 

PF 

NOTES: 

1.  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


Power  Dissipation  Capacitance  (Per  Latch) 

Typical  @  25°C.  Vcc  =  6.0  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 
PD  =  CPD  Vcc2f+lcc  VCC 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

TBD 

pF 

vcc 

V 


Guaranteed  Limit 


25°C  to 
-55°C 


<85°C 


Minimum  Setup  Time,  Input  Data  to  Latch  Enable 
(Figure  4) 


2.0 
4.5 
6.0 


100 
20 
17 


125 
25 
21 


150 
30 
26 


Minimum  Hold  Time,  Latch  En 
(Figure  4) 




to  Input  Data 





2.0 
4.5 
6.0 


«r.  tf 


Maximum  Inpu 
(Figure  11 


2.0 
4.5 
6.0 


1000 
500 
400 


1000 
500 
400 


1000 
500 
400 


NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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♦includes  all  probe  and  jig  capacitance. 
Figure  5.  Test  Circuit 


(CONNECT  TO  VCC  WHEN 
TESTING  tPLZ  AND  tpZL. 
CONNECT  TO  GND  WHEN 
TESTING  lpHZ  AND  1PZH. 


♦includes  all  probe  and  jig  capacitance. 
Figure  6.  Test  Circuit 
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EXPANDED  LOGIC  DIAGRAM 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL  DATA 


Dual  4-lnput  NOR  Gate 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC4002  is  identical  in  pinout  to  the  MC14002B  and  MC14002UB. 
The  device  inputs  are  compatible  with  standard  CMOS  outputs;  with  pullup  resis- 
tors, they  are  compatible  with  LSTTL  outputs. 

•  Output  Drive  Capability:  10  LSTTL  Loads 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1  /iA 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  28  FETs  or  7  Equivalent  Gates 


MC54/74HC4002 


J  SUFFIX 
CERAMIC 
CASE  632 


N  SUFFIX 
PLASTIC 
CASE  646 


D  SUFFIX 

SOIC 
CASE  751A 


ORDERING  INFORMATION 

MC74HCXXXXN  Plastic 
MC54HCXXXXJ  Ceramic 
MC74HCXXXXD  SOIC 

T/\=  -55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 


LOGIC  DIAGRAM 


Y=A+B+C+D 


PIN  1 4  =  Vcc 
PIN  7=  GNO 

PINS  6,  8  =  NO  CONNECTION 


PIN  ASSIGNMENT 


NC  =  N0  CONNECTION 


FUNCTION  TABLE 


Inputs 

Output 

A 

B 

c 

D 

Y 

L 

l  ; 

L 

L 

H 

H 

X 

X 

X 

L 

X 

H 

X 

X 

L 

X 

X 

H 

X 

L 

X 

X 

X 

H 

L 

X  =  don't  care 
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MAXIMUM  RATINGS* 


♦Maximum  I 
Functional  operation  sho 
tDerating  -  Plastic  DIP:  - 
Ceramic  DIP: 


lues  beyond  which  damage  to  the  device  may  occur, 
be  restricted  to  the  Recommended  Operating  Conditions. 
10  mW/°C  from  65°  to  125°C 
-  10  mW/°C  from  100°  to  125°C 


S01C  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4  2. 

RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Value 

Unit 

VCC 

ouppiy  vuudye  i ntJ icrtjiUjtJU  tu  uiml// 

U .  *J  tu  ^  / .  u 

vin 

DC  Input  Voltage  (Referenced  to  GND) 

—  1.3  iU  "CC 

Vout 

DC  Output  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc +  0-5 

V 

■in 

DC  Input  Current,  per  Pin 

±20 

mA 

lout 

DC  Output  Current,  per  Pin 

±25 

mA 

ICC 

DC  Supply  Current,  Vqq  and  GND  Pins 

±50 

mA 

PD 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPT 
SOIC  Packaget 

750 
500 

mW 

Tsta 

Storage  Temperature 

-65  to  +  150 

°C 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°c 

Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin-Vout 

DC  Input  Voltage.  Output  Voltage  (Referenced  to  GND) 

0 

vcc 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°C 

t,.  tf 

Input  Rise  and  Fall  Time                          Vcc  =2  0  v 
(Figure  1)                                          VCC  =  4.5V 

VCC  =  6.0  V 

0 
0 
0 

1000 
500 
400 

ns 

This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high- impedance 
circuit.  For  proper  operation,  Vjn  and 
Vout  should  be  constrained  to  the 
range  GND  < (Vjn  or  Voul)<Vcc. 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
{e.g.,  either  GND  or  Vcc).  Unused 
outputs  must  be  left  open. 



DC  ELECTRICAL  ( 


rERISTICS  (Voltages  Referenced  to  GND) 


vcc 

Guaranteed  Limit 

Symbol 

Parameter 

Test  Con 

ditions 

25°C  to 

Unit 

V 

-55°C 

<85°C 

<125°C 

V|H 

Minimum  High-Level  Input 

Vout  =  0.1  Vor  VCC 

-0.1  V 

2.0 

1.5 

1.5 

1.5 

V 

Voltage 

I'outl  ^20  fA 

4.5 

3.15 

3.15 

3.15 

6.0 

4.2 

4.2 

4.2 

VlL 



Maximum  Low-Level  Input 

Vout  =  0.1  Vor  VCC 

-0.1  V 

2.0 

0.3 

0.3 

0.3 

V 

Voltage 

|lout|<20,<A 

4.5 

0.9 

0.9 

0.9 

6.0 

1.2 

1.2 

1.2 

VOH 

Minimum  High-Level  Output 

Vin  =  V|H  or  V|L 

2.0 

1.9 

1.9 

1.9 

V 

Voltage 

|lout|  <20*A 

4.5 

4.4 

4.4 

4.4 

6.0 

5.9 

5.9 

5.9 

Vin  =  V|H  or  V|L 

|lout|<4.0  mA 

4.5 

3.98 

3.84 

3.70 

|lout|<5.2  mA 

6.0 

5.48 

5.34 

5.20 

Vol 

Maximum  Low-Level  Output 

Vin  =  VIH  or  VIL 

2.0 

0.1 

0.1 

0.1 

V 

Voltage 

|lout|<20^A 

4.5 

0.1 

0.1 

0.1 

6.0 

0.1 

0.1 

0.1 

V,n  =  V|H°'  V,L 

|lout|s4.0  mA 

4.5 

0.26 

0.33 

0.40 

|lou,|<5.2  mA 

6.0 

0.26 

0.33 

0.40 

'in 

Maximum  Input  Leakage  Current 

Vin  =  VCC  or  GND 

6.0 

±0.1 

±1.0 

±  10 

'CC 

Maximum  Quiescent  Supply 

Vin  =  VCC  <"  GND 

6.0 

2 

20 

40 

Current  (per  Package) 

lout  =  0/iA 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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AC  ELECTRICAL  CHARACTERISTICS  [CL  =  50  pF,  Input  tr  =  tf  =  6  nsl 


vcc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

25°C  to 

<85°C 

<125°C 

Unit 

-55°C 

tPLH. 

Maximum  Propagation  Delay,  Any  Input  to  Output  Y 

2.0 

120 

150 

180 

ns 

'PHL 

(Figures  1  and  2) 

4.5 

24 

30 

36 

6.0 

20 

26 

31 

'TLH. 

Maximum  Output  Transition  Time,  Any  Output 

2.0 

75 

95 

110 

ns 

Thl 

(Figures  1  and  2) 

4.5 

15 

19 

22 

6.0 

13 

16 

19 

Cin 

Maximum  Input  Capacitance 

10 

10 

10 

pF 

NOTES: 

1.  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


CPD 

Power  Dissipation  Capacitance  (Per  Gate) 

Typical  @  25°C,  Vcc  =  5.0  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 

PD  =  CP0  Vcc2f+lcc  VCC 

26 

pF 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 
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MC54/74HC4016 


Advance  Information 

Quad  Analog  Switch/ 

Multiplexer/Demultiplexer 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC4016  utilizes  silicon-gate  CMOS  technology  to  achieve  fast  prop- 
agation delays,  low  ON  resistances,  and  low  OFF-channel  leakage  current.  This  bi- 
lateral switch/multiplexer/demultiplexer  controls  analog  and  digital  voltages  that 
may  vary  across  the  full  power-supply  range  (from  Vqq  to  GND). 

The  HC4016  is  identical  in  pinout  to  the  metal-gate  CMOS  MC14016  and 
MC14066.  Each  device  has  four  independent  switches.  The  device  has  been  de- 
signed so  that  the  ON  resistances  (Ron)  are  much  more  linear  over  input  voltage 
than  Ron  of  metal-gate  CMOS  analog  switches. 

This  device  is  identical  in  both  function  and  pinout  to  the  HC4066.  The  ON/OFF 
Control  inputs  are  compatible  with  standard  CMOS  outputs;  with  pullup  resistors, 
they  are  compatible  with  LSTTL  outputs.  For  analog  switches  with  voltage-level 
translators,  see  the  HC4316.  For  analog  switches  with  lower  Rqn  characteristics, 
use  the  HC4066. 

•  Fast  Switching  and  Propagation  Speeds 

•  High  ON/OFF  Output  Voltage  Ratio 

•  Low  Crosstalk  Between  Switches 

•  Diode  Protection  on  All  Inputs/Outputs 

•  Wide  Power-Supply  Voltage  Range  (VcC"  GND)  =2.0  to  12.0  Volts 

•  Analog  Input  Voltage  Range  (Vcc~  GND)  =  2.0  to  12.0  Volts 

•  Improved  Linearity  and  Lower  ON  Resistance  over  Input  Voltage  than  the 
MC14016  or  MC14066 

•  Low  Noise 

•  Chip  Complexity:  32  FETs  or  8  Equivalent  Gates 


LOGIC  DIAGRAM 


Xa- 

a  onioff  control  - 
xb- 

b  onioff  control  - 
*c- 

C  ONIOFF  CONTROL  - 

Xo- 


11 

10 

I  ONIOFF  CONTROL 


12 


J  SUFFIX 
CERAMIC 
CASE  632 


N  SUFFIX 
PLASTIC 
CASE  646 


D  SUFFIX 

SOIC 
CASE  761A 


ORDERING  INFORMATION 

MC74HCXXXXN  Plastic 
MC54HCXXXXJ  Ceramic 
MC74HCXXXXD  SOIC 

Ta=  -55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 


PIN  ASSIGNMENT 


XA 

"a 

»« 

xB[ 

B  ON/OFF 
CONTROL 
C  ONIOFF 
CONTROL 

GND  [ 


1  • 

2 
3 
4 
S 
1 
7 


14  ]VCC 
13  ] 
12  ] 


A  ON/OFF 
CONTROL 
0  ONIOFF 
CONTROL 

]XD 
I*B 
I»G 

]xc 


FUNCTION  TABLE 

On/Off  Control 

State  of 

ANALOG 

Input 

Analog  Switch 

OUTPUTS/INPUTS 

L 

Off 

H 

On 

ANALOG  INPUTS/OUTPUTS  =  XA,  XB,  XC,  XD 
PIN  14  =  V(x 
PIN  7  =  GND 


This  document  contains  information  on  a  new  product.  Specifications  and  information  herein  are  subject  to  chanfle  without  notice. 
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MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

vcc 

Positive  DC  Supply  Voltage  (Referenced  to  GND) 

-0.5  to  +14.0 

V 

V|S 

Analog  Input  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc +0.5 

V 

Vin 

Digital  Input  Voltage  (Referenced  to  GND) 

-1.5  to  Vcc  +  1-5 

V 

I 

DC  Current  Into  or  Out  of  Any  Pin 

±25 

mA 

Pd 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tstq 

Storage  Temperature 

-65  to  +150 

°C 

TL 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°C 

*Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
tDerating  -  Plastic  DIP:  -  10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltages  higher  than  the  maximum 
rated  voltages  to  this  high- 
impedance  circuit.  For  proper 
operation,  Vjn  and  Vout  should  be 
constrained  to  the  range  GND<(Vjn 
or  Vout)<VCC. 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  level  (e.g., 
either  GND  or  Vcc''  Unused  outputs 
must  be  left  open.  I/O  pins  must  be 
connected  to  a  properly  terminated 
line  or  bus.  See  Chapter  4  subject 
listing  on  page  4-2. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

Positive  DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

12.0 

V 

Vis 

Analog  Input  Voltage  (Referenced  to  GND) 

GND 

vcc 

V 

Vin 

Digital  Input  Voltage  (Referenced  to  GND) 

GND 

vcc 

V 

V|0* 

Static  or  Dynamic  Voltage  Across  Switch 

1.2 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

'r.  tf 

Input  Rise  and  Fall  Time,  ON/OFF  Control 
Inputs  (Figure  10) 

VCC  =2.0  V 
VCC  =4.5  V 
Vcc  =  9  0  V 
VCc  =  12.0  v 

0 
0 
0 
0 

1000 
500 
400 

250 

ns 

For  voltage  drops  across  the  switch  greater  than  1.2  V  (switch  on},  excessive  Vcc  current  may  be 
drawn,  i.e.,  the  current  out  of  the  switch  may  contain  both  Vcc  ar,d  sw'tcri  input  components.  The 
reliability  of  the  device  will  be  unaffected  uless  the  Maximum  Ratings  are  exceeded. 


DC  ELECTRICAL  CHARACTERISTICS  Digital  Section  (Voltages  Referenced  to  GND) 


vcc 

Guaranteed  Limit 

Symbol 

Parameter 

Test  Conditions 

26°C  to 

Unit 

V 

-55°C 

<85°C 

<125°C 

V|H 

Minimum  High-Level  Voltage 

Ron  =  Per  sPec 

2.0 

1.5 

1.5 

1.5 

V 

ON/OFF  Control  Inputs 

4.5 

3.15 

3.15 

3.15 

9.0 

6.3 

6.3 

6.3 

12.0 

8.4 

8.4 

8.4 

V|L 

Maximum  Low-Level  Voltage 

Rori  =  per  spec 

2.0 

0.3 

0.3 

0.3 

V 

ON/OFF  Control  Inputs 

4.5 

0.9 

0.9 

0.9 

9.0 

1.8 

1.8 

1.8 

12.0 

2.4 

2.4 

2.4 

'in 

Maximum  Input  Leakage  Current, 

Vin  =  VcC  or  GND 

12.0 

±0.1 

±1.0 

±1.0 

„A 

ON/OFF  Control  Inputs 

ice 

Maximum  Quiescent  Supply 

Vin  =  VCC  °r  GND 

6.0 

2 

20 

40 

Current  (per  Package) 

V|O  =  0  V 

12.0 

8 

80 

160 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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AitnuA  /"7/i un/imc 


DC  ELECTRICAL  CHARACTERISTICS  Analog  Section  IVoltages  Referenced  to  GND) 


Symbol 

Parameter 

Test  Conditions 

vCc 
v 

Guaranteed  Limit 

Unit 

25°C  to 
-55°C 

£85°C 

<125°C 

Ron 



Maximum  "ON"  Resistance 

Vin  =  V|H 

VIS  =  VCC  t0  GND 

IS  £2.0  mA  (Figures  I,  2) 

2.0t 
4.5 
9.0 
12.0 

320 
170 
170 

400 
215 
215 

480 
255 
255 

a 

Vin  =  V|H 

V|S  =  Vcc  or  GND  (Endpoints) 
IS<2.0  mA  (Figures  I,  2) 

2.0 
4.5 
9.0 
12.0 

180 
135 
135 

225 
170 
170 

270 
205 
205 



Maximum  Difference  in  "ON" 
Resistance  Between  Any  Two 
Channels  in  the  Same  Package 

Vin  =  V|H 

V|S  =  1/2  (Vcc-GND) 
lS£2.0  mA 

2.0 
4.5 
9.0 
12.0 

30 
20 
20 

35 
25 
25 

40 
30 
30 

a 

'off 



Maximum  Off-Channel  Leakage 
Current,  Any  One  Channel 

Vin  =  V|L 

12.0 

0.1 

0.5 

1.0 

'on 

Maximum  On-Channel  Leakage 
Current,  Any  One  Channel 

Vin  =  V|H 

VIS  =  VCC  or  GND 
(Figure  4) 

12.0 

0.1 

0.5 

1.0 

/•A 

tAt  supply  voltage  (Vcc "GND)  approaching  2  V  the  analog  switch-on  resistance  becomes  extremely  non-linear.  Therefore,  for  low-voltage 
operation,  it  is  recommended  that  these  devices  only  be  used  to  control  digital  signals. 
NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 


AC  ELECTRICAL  CHARACTERISTICS  (CL  =  50  pF,  ON/OFF  Control  Inputs:  tr  =  tf  =  6  ns) 


Symbol 

Parameter 

vCc 

V 

Guaranteed  Limit 

Unit 

2S°C  to 
-55°C 

<85"C 

<12S°C 

•PLH. 
tPHL 

Maximum  Propagation  Delay,  Analog  Input  to  Analog  Output 
(Figures  8  and  9) 

2.0 
4.5 
9.0 
12.0 

50 
10 
10 
10 

65 
13 
13 
13 

75 
15 
15 
15 

ns 

tpLZ, 
'PHZ 

Maximum  Propagation  Delay,  ON/OFF  Control  to  Analog  Output 
(Figures  10  and  111 

2.0 
4.5 
9.0 
12.0 

150 
30 
30 
30 

190 
38 
38 
38 

225 
45 
45 
45 

ns 

tPZL- 
<PZH 

Maximum  Propagation  Delay,  ON/OFF  Control  to  Analog  Output 
(Figures  10  and  11) 

2.0 
4.5 
9.0 
12.0 

125 
25 
25 
25 

160 
32 
32 
32 

185 
37 
37 
37 

ns 

C 



Maximum  Capacitance                                     ON/OFF  Control  Input 

Control  lnput=  GND 
Analog  I/O 
Feedthrough 

10 

10 

10 

pF 

: 

35 
1.0 

35 
1.0 

35 
1.0 

NOTES: 

1.  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


CPD 

Power  Dissipation  Capacitance  (Per  Switch)  (Figure  13) 
Used  to  determine  the  no-load  dynamic  power  consumption: 
PD  =  Cpd  Vc^f+lcc  vCC 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

Typical  @  25°C.  Vcc  =  5.0  V 

pF 
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ADDITIONAL  APPLICATION  CHARACTERISTICS  IVoltages  Referenced  to  GND  unless  noted) 


Symbol 

Para  motor 

i  ©si  k/Onanions 

vCc 

V 

Limit* 
25*  C 
54/74HC 

Unit 

BW 

Maximum  On-Channe!  Bandwidth  or 
Minimum  Frequency  Response 
(Figure  5) 

f|n=1  MHz  Sine  Wave 
Aajusi  Tip  voltage  to  UDtain  u  acm  ai  VQg 
Increase  fjn  Frequency  Until  dB  Meter  Reads  -3  dB 
RL  =  50fl,  CL=10  pF 

4.5 

Q  n 

12.0 

150 

IOU 

160 

MHz 

uiT-t.nannei  reeainrougn  isolation 
(Figure  6) 

fjn  =  Sine  Wave 

Adjust  f|n  Voltage  to  Obtain  0  dBm  at  V|g 

fin  =  10  kHz,  RL  =  600  Q,  CL  =  50  pF 

4.5 
9.0 
12.0 

—  50 
-50 
-50 

dB 

Tjn=  l.u  mnz,  n[_  =  0U  u,  C|_  =  lU  pr 

4.5 
9.0 
12.0 

—  40 
-40 
-40 

reeainrougn  noise,  control  to 
Switch 
(Figure  7) 

V|ns  i  mmz  square  wave  iij-  —  if  —  o  ns) 
Adjust  R[_  at  Setup  so  that  l£  =  0  A 

RL  =  600Q,  CL  =  50pF 

4.5 
9.0 
12.0 

60 
130 
200 

mVpp 

K(_=  10  Ku,  C[_=  10  pr 

4.5 
9.0 
12.0 

30 
65 
100 

- 

Crosstalk  Between  Any  Two  Switches 
(Figure  12) 

fjnaSine  Wave 

Adjust  f|n  Voltage  to  Obtain  0  dBm  at  V|g 

f-  —  m        Ri  —  firm  n  d  —  rti  np 

4.5 
9.0 
12  0 

-70 
-70 
—  70 

dB 

fjn  =  1 .0  MHz,  R  L  =  50  0,  CL  =  10  pF 

4.5 
9.0 
12.0 

-80 
-80 
-80 

THD 

Total  Harmonic  Distortion 
(Figure  14) 

fin=1  kHz,  R|_  =  10k0,  CL=50pF 

THD  =  THDMeasured  -  THDsource 

V|S  =  4.0  Vpp  sine  wave 
V|s  =  8.0  Vpp  sine  wave 
V|s  =  1 1 .0  Vpp  sine  wave 

4.5 
9.0 
12.0 

0.10 
0.06 
0.04 

% 

•Guaranteed  limits  not  tested.  Determined  by  design  and  verified  by  qualification. 
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s 

s  2000 

| 

S  1500 

CO 
CE 

o  1000 

o 

500 
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/ 

125°C 

25°C 

-55 

.25      .50      .75      1.00    1.25      1.5     1.75  2.00 
Vin,  INPUT  VOLTAGE  (VOLTS).  REFERENCED  TO  GNO 

Figure  la.  Typical  On  Resistance.  VCc  =  2.0  V 


0        .5       1.0      1.5      2.0      2.5      3.0      3.5      4.0  4.5 
Vin,  INPUT  VOLTAGE  IVOLTSI.  REFERENCED  TO  GND 
Figure  1b.  Typical  On  Resistance,  Vcc  =  4  5  V 


160 
140 
120 
100 
80 
60 
40 
20 


1 

Z5°C 

5°C 

5°C 

5     1.0    1.5    2.0    2.5    3.0   3.5    4.0    4.5    5.0    5.5  6.0 
Vin.  INPUT  VOLTAGE  (VOLTS),  REFERENCED  TO  GND 

1c.  Typical  On  Resistance.  Vcc  =  6  0  v 


0     1.0    2.0    3.0   4.0    5.0    6.0    7.0    8.0    9.0  10.0  11.0  12.0 
Vi„,  INPUT  VOLTAGE  (VOLTS).  REFERENCED  TO  GND 


1.0      2.0      3.0      4.0      5.0      6.0      7.0      8.0  9.0 
Vin.  INPUT  VOLTAGE  IVOLTSI,  REFERENCED  TO  GND 

Figure  Id.  Typical  On  Resistance,  VCC  =  9  0  V 
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Figure  1e.  Typical  On  Resistance.  Vcc  =  12  0  v 


Figure  2.  On  Resistance  Test  Set-Up 


MOTOROLA  HIGH-SPEED  CMOS  LOGIC  DATA 

5-502 


MC54/74HC4016 


Figure  3.  Maximum  Off  Channel  Leakage  Current, 
Any  One  Channel,  Test  Set-Up 


Figure  4.  Maximum  On  Channel  Leakage  Current, 
Channel  to  Channel,  Test  Set-Up 
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*lncludes  all  probe  and  jig  capacitance. 


*  Includes  all  probe  and  jig  capacitance- 


Figure  5.  Maximum  On-Channet  Bandwidth 
Test  Set-Up 


Figure  6.  Off-Channel  Feedthrough  Isolation. 
Test  Set-Up 
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♦includes  all  probe  and  jig  capacitance. 

Figure  7.  Feedthrough  Noise.  ON/OFF  Control  to  Figure  8.  Propagation  Delays,  Analog  In  to  Analog  Out 

Analog  Out,  Test  Set  Up 
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n 


ON 


SELECTED 
7  CONTROL 
 INPUT 


ANALOG  OUT 


TEST 
POINT 


V 


CONTROL 


♦Includes  all  probe  and  jig  capacitance. 


Figure  9.  Propagation  Delay  Test  Set-Up 


Figure  10.  Propagation  Delay,  ON/OFF  Control 
to  Analog  Out 


p-^.  POSITION  ©WHEN  TESTING  tpHZ  AND  tPZH 
Q  ^~   POSITION  ©WHEN  TESTING  tPLZ  AND  tPZL 


•includes  all  proDe  and  jig  capacitance. 

Figure  11.  Propagation  Delay  Test  Set-Up 


♦includes  all  probe  and  jig  capacitance. 

Figure  12.  Crosstalk  Between  Any  Two  Switches, 
Test  Set-Up 
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Figure  13.  Power  Dissipation  Capacitance  Test  Set-Up 


Figure  14.  Total  Harmonic  Distortion.  Test  Set-Up 
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APPLICATION  INFORMATION 

The  ON/OFF  Control  pins  should  be  at  Vcc  or  GND  lo9ic 
levels,  Vcc  being  recognized  as  logic  high  and  GND  being 
recognized  as  a  logic  low.  Unused  analog  inputs/outputs  may 
be  left  floating  (not  connected).  However,  it  is  advisable  to 
tie  unused  analog  inputs  and  outputs  to  Vcc  or  GND  through 
a  low  value  resistor.  This  minimizes  crosstalk  and  feedthrough 
noise  that  may  be  picked  up  by  the  unused  I/O  pins. 

The  maximum  analog  voltage  swings  are  determined  by  the 
supply  voltages  Vcc  ar,d  GND.  The  positive  peak  analog  volt- 
age should  not  exceed  Vcc-  Similarly,  the  negative  peak  an- 
alog voltage  should  not  go  below  GND.  In  the  example  below. 


the  difference  between  Vcc  ar|d  GND  is  twelve  volts.  There- 
fore, using  the  configuration  in  Figure  16,  a  maximum  analog 
signal  of  twelve  volts  peak-to-peak  can  be  controlled. 

When  voltage  transients  above  Vcc  and/or  below  GND  are 
anticipated  on  the  analog  channels,  external  diodes  (Dx)  are 
recommended  as  shown  in  Figure  17.  These  diodes  should  be 
small  signal,  fast  turn-on  types  able  to  absorb  the  maximum 
anticipated  current  surges  during  clipping.  An  alternate 
method  would  be  to  replace  the  Dx  diodes  with  MO -sorbs 
(Motorola  high  current  surge  protectors).  MO-sorbs  are  fast 
turn-on  devices  ideally  suited  for  precise  DC  protection  with 
no  inherent  wear-out  mechanism. 


+  12  V- 


0  V  — 


-+12  V 


—  OV 


OTHER  CONTROL 
INPUTS 
IVrjc  OR  GNO) 


Figure  16.  12  V  Application 
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Figure  17.  Transient  Suppressor  Application 
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a.  Using  Pull-Up  Resistors 


b.  Using  HCT  Buffer 


Figure  18.  LSTTL/NMOS  to  HCMOS  Interface 
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VCC  =  5  TO  12  V 


ANALOG 
SIGNALS  ' 

i 

2 

5 

4  6 

6 

14 

10 



15 

1} 


HC4016 


CONTROL 
INPUTS 


7 


ANALOG 
SIGNALS 


Figure  19.  TTL/NMOS-to-CMOS  Level  Converter 
Analog  Signal  Peak-to-Peak  Greater  than  5  V 
(Also  see  HC4316I 
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Figure  20.  4-lnput  Multiplexer 
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Figure  21.  Sample/Hold  Amplifier 
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Decade  Counter 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC4017  is  identical  in  pinout  to  the  standard  CMOS  MC14017B. 
The  device  inputs  are  compatible  with  standard  CMOS  outputs;  with  pullup  resis- 
tors, they  are  compatible  with  LSTTL  outputs. 

The  HC4017  uses  a  five  stage  Johnson  counter  and  decoding  logic  to  provide 
high-speed  operation.  This  device  also  has  an  active-high,  as  well  as  active-low 
clock  input. 

•  Output  Drive  Capability:  10  LSTTL  Loads 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1  /tA 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  176  FETs  or  44  Equivalent  Gates 
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LOGIC  DIAGRAM 
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ORDERING  INFORMATION 
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MC54HCXXXXJ 
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SOIC 

Ta  =  -  55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 
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MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

-0.5  to  +7.0 

V 

Vin 

DC  Input  Voltage  (Referenced  to  GNDI 

-  1.5  to  Vcc  +  1  5 

V 

V0ut 

DC  Output  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc  +  0.5 

V 

■in 

DC  Input  Current,  per  Pin 

±20 

mA 

'out 

DC  Output  Current,  per  Pin 

±25 

mA 

'CC 

DC  Supply  Current,  Vcc  and  GND  p'ns 

±50 

mA 

Pr, 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

 juu  

mW 

Tstq 

Storage  Temperature 

-65  to  +  150 

°C 

TL 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°C 

*  Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
tDerating  -  Plastic  DIP:  -  10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2, 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjn  and 
Vout  should  be  constrained  to  the 
range  GND<(Vin  or  Vout)<VCC- 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  Vcc*-  Unused 
outputs  must  be  left  open. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

vcc 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

<r.  tf 

Input  Rise  and  Fall  Time                          Vcc  =  2.0  v 
(Figure  1)  VCC=4.5V 

VCC  =  6.0  V 

0 
0 
0 

1000 
500 
400 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 


Symbol 

Parameter 

Test  Conditions 

VCC 
V 

Guaranteed  Limit 

Unit 

25-C  to 
-55°C 

<8S"C 

s125°C 

V|H 

Minimum  High-Level  Input 
Voltage 

Vout  =  0.1  Vor  Vcc-0.1  V 
|lout|«20^A 

2.0 
4.5 
6.0 

1.5 
3.15 
4.2 

1.6 
3.15 
4.2 

1.5 
3.15 
4.2 

V 

VlL 

Maximum  Low-Level  Input 
Voltage 

Vout  =  0.1  Vor  VCC-0.1  V 
|lout|  <20  ^A 

2.0 
4.5 
6.0 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

V 

V0H 

Minimum  High-Level  Output 
Voltage 

Vin  =  V|H  or  V|L 
|loutls20„A 

2.0 
4.5 
6.0 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

1.9 
4.4 

5.9 

V 

Vin  =  V|H°rV|L            |lout|  5=4.0  mA 
|lout|<5.2  mA 

4.5 
6.0 

3.98 
5.48 

3.84 
5.34 

3.70 
5.20 

Vol 

Maximum  Low-Level  Output 
Voltage 

Vin  =  V|H  or  V|L 
|IOU,|S20^A 

2.0 
4.5 
6.0 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

V 

Vin  =  V|HorV|L  |lout|<4.0mA 
|lout|s5.2  mA 

4.5 
6.0 

0.26 
0.26 

0.33 
0.33 

0.40 
0.40 

'in 

Vin  =  VCC  °'  GND 

6.0 

±0.1 

±1.0 

±1.0 

mA 

'CC 

Maximum  Quiescent  Supply 
Current  (per  Package) 

Vin  =  VCC  or  GND 
'out  =  0*A 

6.0 

8 

80 

160 

(•A 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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AC  ELECTRICAL  CHARACTERISTICS  (CL  =  50pF,  Input  tr^t(^6ns) 


vCc 

Guaranteed  Limit 

Symbol 

Parameter 

25°C  to 

Unit 

V 

£  85°  C 

£  125° C 

-55"C 

'max 

Maximum  Clock  Frequency  (50%  Duty  Cycle) 

2.0 

4.0 

3.2 

2.6 

MHz 

(Figures  1  and  9) 

4.5 

20 

16 

13 

6.0 

24 

19 

15 

'PLH. 

Maximum  Propagation  Delay,  Clock  to  Q 

2.0 

230 

290 

345 

ns 

'PHL 

{Figures  1  and  9) 

4.5 

46 

58 

69 

6.0 

39 

49 

59 

'PLH. 

Maximum  Propagation  Delay,  Clock  to  Carry  Out 

2.0 

230 

290 

345 

ns 

'.PHL 

{Figures  2  and  91 

4.5 

46 

58 

69 

6.0 

39 

49 

59 

'PLH. 

Maximum  Propagation  Delay,  Reset  to  Q 

2.0 

230 

290 

345 

ns 

'PHL 

(Figures  3  and  91 

4.5 

46 

58 

69 

6.0 

39 

49 

59 

'PLH 

Maximum  Propagation  Delay,  Reset  to  Carry  Out 

2.0 

230 

290 

345 

ns 

{Figures  3  and  91 

4.5 

46 

58 

69 

6.0 

39 

49 

59 

'PLH. 

Maximum  Propagation  Delay,  Clock  Enable  to  Q 

2.0 

250 

315 

375 

ns 

'PHL 

(Figures  4  and  9) 

4.5 

50 

63 

75 

6.0 

43 

54 

64 

'PLH. 

Maximum  Propagation  Delay,  Clock  Enable  to  Carry  Out 

2.0 

250 

315 

375 

ns 

'PHL 

(Figures  5  and  9) 

4.5 

50 

63 

75 

6.0 

43 

54 

64 

TLH. 

Maximum  Output  Transition  Time,  Any  Output 

2.0 

75 

95 

110 

ns 

thl 

(Figures  8  and  9) 

4.5 

15 

19 

22 

6.0 

13 

16 

19 

Cin 

Maximum  Input  Capacitance 

10 

10 

10 

pF 

NOTES: 

1.  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


CPD 

Power  Dissipation  Capacitance  (Per  Package! 

Typical  @  2S°C.  Vcc  =  5.0  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 
PD  =  CPD  Vcc2f+!CC  VCC 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

35 

pF 

5 
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TIMING  REQUIREMENTS  (Input  tr  =  tf  =  6  ns) 


vcc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

25°C  to 
-55°C 

S85°C 

s125°C 

Unit 

hu 



Minimum  Setup  Time,  Clock  Enable  to  Clock 

2.0 

50 

65 

75 

ns 

(Finnrp  fi) 

4.5 

10 

13 

15 

6.0 

9 

11 

13 

<su 



Minimum  Setup  Time,  Clock  Enable  to  Clock  (Inhibit  Count) 

2.0 

50 

65 

75 

ns 

(Finnrp  fii 
iriyure  01 

4  5 

10 

13 

15 

6  0 

9 

11 

13 

>h 



Minimum  Hold  Time,  Clock  to  Clock  Enable 

2.0 

50 

65 

75 

ns 

(  Pirn  iro  f\\ 

IrlyUic  Ol 

4  5 

10 

13 

15 

6  0 

9 

11 

13 

Vec 

Minimum  Recovery  Time,  Reset  to  Clock 

2.0 

100 

125 

150 

ns 

trigure  /( 

20 

25 

30 

6  0 

17 

21 

26 

tw 

Minimum  Pulse  Width,  Clock  Input 

2.0 

80 

100 

120 

ns 

I  rigure  Z) 

4.5 

16 

20 

24 

6.0 

14 

17 

20 

Iw 



Minimum  Pulse  Width,  Reset  Input 

2.0 

80 

100 

120 

ns 

(Figure  31 

4.5 

16 

20 

24 

6.0 

14 

17 

20 

lw 

Minimum  Pulse  Width,  Clock  Enable  Input 

2.0 

80 

100 

120 

ns 

(Figure  4) 

4.5 

16 

20 

24 

6.0 

14 

17 

20 

Maximum  Input  Rise  and  Fall  Times 

2.0 

1000 

1000 

1000 

ns 

(Figure  1) 

4.5 

500 

500 

500 

6.0 

400 

400 

400 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 


FUNCTION  TABLE 


Clock 

Clock 
Enable 

Reset 

Output  State* 

L 

X 

L 

no  change 

X 

H 

L 

no  change 

X 

X 

H 

reset  counter,  0.0=  H,  Q1-Q9=L,  C0=H 

L 

L 

advance  to  next  slate 

X 

L 

no  change 

X 

L 

no  change 

H 

L 

advance  to  next  state 

X=  Don't  care 

"Carry  Out  =  H  (or  Q0,  0.1,  Q2,  03,  or  Q4  =  H;  Carry  Out  =  L  otherwise. 


PIN  DESCRIPTIONS 


INPUTS 

CLOCK  (PIN  14)  -  Counter  clock  input.  While  Clock  Enable  is  low, 
a  low-to-high  transition  on  this  input  advances  the  counter  to  its  next 
state. 

RESET  (PIN  151  -  Asynchronous  counter  reset  input.  A  high  level 
at  this  input  initializes  the  counter  and  forces  Q0  and  Carry  Out  to  a 
high,  Q1-Q9  are  forced  to  a  low  level. 

CLOCK  ENABLE  (PIN  13)  -  Active-low  clock  enable  input.  A  low 
level  on  this  input  allows  the  device  to  count.  A  high  level  on  this 
input  inhibits  the  counting  operation.  This  input  may  also  be  used  as 
a  negative-edge  clock  input,  using  Clock  (Pin  14)  as  an  active-high 
enable  pin. 


OUTPUTS 

Q0-Q9  (PINS  3,  2,  4,  7,  10,  1,  5,  6,  9,  11)  -  Decoded  decade 
counter  outputs.  Each  of  these  outputs  is  high  for  one  clock  period 
only. 

CARRY  OUT  (PIN  12)  -  Cascading  output  pin.  This  output  is  used 
either  as  a  cascading  output  or  a  symmetrical  divide-by-ten  output. 
This  output  goes  low  when  a  count  of  five  is  reached  and  high  when 
the  counter  advances  to  zero  or  when  reset.  When  the  counters  are 
cascaded  this  output  provides  a  rising-edge  signal  for  the  clock  input 
of  the  next  counter  stage. 
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SWITCHING  WAVEFORMS 


FIGURE  1 


FIGURE  2 


Clock 


90°/ 
50' 
10% 


90% 
Q  50% 
10% 


Reset 


-'PLH  'PHL- 


<TLH  lTHL 
FIGURE  3 


FIGURE  4 


Q1-Q9 


QO,  Carry  Out 


50% 


-  to 


vcc 

.  GND 


Clock 
Enable 


'PHL 
50% 


N— 'PHL 


vcc 

GND 


-'PLH 


-'PLH 


J™ 


FIGURE  6 


FIGURE  5 


Q0-Q9. 
Carry  Out 


FIGURE8 

-'TLH  <THL- 


FIGURE  7 


Clock  ^50%  \      /  \^ 

-H        h~  Vec 


Reset  '  i  50% 


VCC 
GND 

VCC 
GND 


90% 

10% 


FIGURE  9  -  TEST  CIRCUIT 

Test  Point 


Device 
Under 
Test 


Output 


i 


r 


*  Includes  all  probe  and  fig  capacitance 
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TIMING  DIAGRAM 


—  TLTlJlJ^J^JlITjnj~LJlJ~U 
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EXPANDED  LOGIC  DIAGRAM 
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TYPICAL  APPLICATIONS 


FIGURE  10-  4-2  THROUGH  *  10  CIRCUIT 

— j —  vcc 


~7 


j^>0  Output 


Buffer 

(Optional  lo  prevent  spurious  reset.) 


Figure  10  shows  a  divide  by  2  through  10  circuit  using  one  HC4017.  Please  note  that  since  Reset  is  asynchronous,  the 
output  pulse  widths  are  narrow. 


FIGURE  11  -  COUNTER 


Clock  


R 

HC4017 


QO    Q1    •    •    •    Q8  Q9 

^F=F= 


9  Decoded 
Outputs 


I  HC08 


R 

HC4017 


CE 

QO    Ql    •    •    •    Q8  Q9 


Outputs 


R 

C 

HC4017 

CE 

Ql    •    •    •  Qf 

Q9 

8  Decoded 
Outputs 


HC08  


First  Stage 


Intermediate  Stages 


Last  Stage 


Figure  1 1  shows  a  technique  for  cascading  the  counters  to  extend  the  number  of  decoded  output  states.  Decoded  outputs 
are  sequential  within  each  stage  and  from  stage  to  stage,  with  no  dead  time  (except  propagation  delay). 
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1 4-Stage  Binary  Ripple  Counter 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC4020  is  identical  in  pinout  to  the  standard  CMOS  MC14020B.  The 
device  inputs  are  compatible  with  standard  CMOS  outputs;  with  pullup  resistors, 
they  are  compatible  with  LSTTL  outputs. 

This  device  consists  of  14  master-slave  flip-flops  with  12  stages  brought  out  to 
pins.  The  output  of  each  flip-flop  feeds  the  next  and  the  frequency  at  each  output  is 
half  that  of  the  preceding  one.  The  state  of  the  counter  advances  on  the  negative- 
going  edge  of  the  Clock  input.  Reset  is  asynchronous  and  active-high. 

State  changes  of  the  Q  outputs  do  not  occur  simultaneously  because  of  internal 
ripple  delays.  Therefore,  decoded  output  signals  are  subject  to  decoding  spikes  and 
may  have  to  be  gated  with  the  Clock  of  the  HC4020  for  some  designs. 

•  Output  Drive  Capability:  10  LSTTL  Loads 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1  /iA 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  398  FETs  or  99.5  Equivalent  Gates 


MC54/74HC4020 


LOGIC  DIAGRAM 


10 

Clock  C  > 


Reset 


J  SUFFIX 
CERAMIC  . 
CASE  620 

16     |     1  M 

1 

|            N  SUFFIX 
PLASTIC 
CASE  648 

1*' 

D  SUFFIX 

SOIC 
CASE  751 

ORDERING  INFORMATION 

MC74HCXXXXN  Plastic 
MC54HCXXXXJ  Ceramic 
MC74HCXXXXD  SOIC 

T^=  -55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 

PIN  ASSIGNMENT 
Q12C  ' 


FUNCTION  TABLE 


Clock 

Reset 

Output  State 

L 

No  Change 

L 

Advance  to  next  state 

X 

H 

All  Outputs  are  low 

Pin  16  =  VCC 
Pin  8=  GND 


■ 
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MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

ouppiy  voltage  inererenceo  to  uivuj 

_n  Rtn  4.7  n 

vin 

ut,  input  voltage  ineierenceo  to  oi»u( 

  1  C  tn  Wnn  4.  1  K 

—  1.9  IU  "CC 

y 

Vout 

DC  Output  Voltage  (Referenced  to  GNDI 

-0.5  to  Vcc  +  0.5 

V 

Da 

DC  Input  Current,  per  Pin 

±20 

mA 

lout 

DC  Output  Current,  per  Pin 

+  25 

mA 

ice 

DC  Supply  Current,  Vcc  and  GND  Pins 

±50 

mA 

PD 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tstg 

Storage  Temperature 

-65  to  +150 

°C 

TL 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package! 

(Ceramic  DIP) 

260 
300 

°C 

This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  V-in  and 
Vout  should  be  constrained  to  the 
range  GND<(Vin  or  Vout)<VCc. 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  Vcc>-  Unused 
outputs  must  be  left  open. 


•Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
tDerating  -  Plastic  DIP:  -  10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -  10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

vcc 

V 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

Vtf 


Input  Rise  and  Fall  Time  Vcc=2.0V 
(Figure  1)  VCC=4.5V 

VCC  =  6.0  V 

0 
0 
0 

1000 
500 
400 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 


oymDOi 

Parameter 

Test  Conditions 

VCC 
V 

Guaranteed  Limit 

Unit 

25°  C  to 
-55°C 

s85°C 

s12S°C 

V|H 

Minimum  High-Level  Input 
Voltage 

Vout  =  0.1  Vor  VCC -0.1  V 
Hout!  ^20  ^ 

2.0 
4.5 
6.0 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

V 

VlL 

Maximum  Low-Level  Input 
Voltage 

Vout  =  0.1  Vor  Vcc-0.1  V 
Moutl  -20  /tA 

2.0 
4.5 
.6.0 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

V 

VOH 

Minimum  High-Level  Output 
Voltage 

vin  =  V|H  or  V|L 
!lout|<20^A 

2.0 
4.5 
6.0 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

V 

Vin  =  V|HorV|L  |lout|S4.0mA 
|lout|s5.2  mA 

4.5 
6.0 

3.98 
5.48 

3.84 
5.34 

3.70 
5.20 

vol 

Maximum  Low-Level  Output 
Voltage 

Vin  =  V|H  or  V,L 
|lout|s20^A 

2.0 
4.5 
6.0 

0.1 

0.1 
0.1 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

V 

Vin  =  V|HorV|L  |lout|<4.0mA 
|lout|<5.2mA 

4.5 
6.0 

0.26 
0.26 

0.33 
0.33 

0.40 
0.40 

'in 

Maximum  Input  Leakage  Current 

Vin  =  VCC  or  GND 

6.0 

±0.1 

±1.0 

±1.0 

hA 

ice 

Maximum  Quiescent  Supply 
Current  (per  Package) 

Vin  =  VCC  °r  GND 
lout  =  0,iA 

6.0 

8 

80 

160 

(<A 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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AC  ELECTRICAL  CHARACTERISTICS  (CL  =  SO  pF,  Input  tr  =  tf  =  6  ns) 


vcc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

25"Cto 
-55°C 

<86«C 

<125°C 

Unit 

'max 

Maximum  Clock  Frequency  (50%  Duty  Cycle) 
(Figures  1  and  41 

2.0 
4.5 
6.0 

5.0 
25 
29 

4.0 
20 
24 

3.4 
17 
20 

MHz 

'PLH. 
'PHL 

Maximum  Propagation  Delay,  Clock  to  Q1  * 
(Figures  1  and  4) 

2.0 
4.5 
6.0 

210 
42 
36 

265 
53 
45 

315 
63 
54 

ns 

'PHL 

Maximum  Propagation  Delay,  Reset  to  Any  Q 
(Figures  2  and  4) 

2.0 
4.5 
6.0 

240 
48 
41 

300 
60 
51 

360 
72 
61 

ns 

'PLH. 
'PHL 

Maximum  Propagation  Delay,  Qfg  to  Q|\j  +  1 
(Figures  3  and  4) 

2.0 
4.5 
6.0 

125 
25 
21 

155 
31 
26 

190 
38 

32 

ns 

*TLH. 

•thl 

Maximum  Output  Transition  Time,  Any  Output 
(Figures  1  and  4) 

2.0 
4.5 
6.0 

75 
15 
13 

95 
19 
16 

110 
22 
19 

ns 

Cin 

Maximum  Input  Capacitance 

10 

10 

10 

pF 

NOTES: 


1 .  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 

*For  Ta  =  25°C  and  C[_  =  50  pF,  typical  propagation  delay  from  Clock  to  other  Q  outputs  may  be  calculated  with  the  following  equations: 
VCC=2.0  V:  tp  =  [205+107.5(N-1l]  ns 
VCC  =  4.5  V:  tp  =  [41+21.5(N-D]  ns 
VCC  =  6.0  V:  tp  =  [35+18.3(N-1)l  ns 


Cpo 

Power  Dissipation  Capacitance  (Per  Package) 

Typical  @  25"C,  VCC  =  50  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 

Pd  =  Cpd  Vcr^f  +  ICC  VCC 

30 

pF 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

TIMING  REQUIREMENTS  (Input  tr  =  tf  =  6  ns) 


vCc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

25°C  to 
-SB'C 

<  85°C 

<125°C 

Unit 

'rec 

Minimum  Recovery  Time,  Reset  Inactive  to  Clock 

2.0 

100 

125 

150 

ns 

(Figure  2) 

4.5 

20 

25 

30 

6.0 

17 

21 

26 

'w 

Minimum  Pulse  Width,  Clock 

2.0 

80 

100 

120 

ns 

(Figure  1) 

4.5 

16 

20 

24 

6.0 

14 

17 

20 

'w 

i  

Minimum  Pulse  Width,  Reset 

2.0 

80 

100 

120 

ns 

(Figure  2) 

4.5 

16 

20 

24 

6.0 

14 

17 

20 

'r.  tf 

Maximum  Input  Rise  and  Fall  Times 

2.0 

1000 

1000 

1000 

ns 

(Figure  11 

4.5 

500 

500 

500 

6.0 

400 

400 

400 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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PIN  DESCRIPTIONS 

INPUTS 

CLOCK  (PIN  101  -  Negative-edge  triggering  clock  input.  A 
high-to-low  transition  on  this  input  advances  the  state  of  the 
counter. 

RESET  (PIN  111  -  Active-high  reset.  A  high  level  applied 


to  this  input  asynchronously  resets  the  counter  to  its  zero  state, 
thus  forcing  all  Q  outputs  low. 


OUTPUTS 

Q1,  Q4-Q14  (PINS  9,  7,  5,  4,  6,  13,  12,  14,  15,  1,  2,  3)  - 

Active-high  outputs.  Each  QN  output  divides  the  Clock  input 
frequency  t 


)RMS 


FIGURE  1 


FIGURE  2 


lrec 


<PHL" 


—  VCC 
GND 


—  vcc 

GND 


AnyQ 


QN 


QN  +  1 


tPLH 

5C 


7 


'HL  \*r- 


vcc 

GND 


FIGURE  4  -  TEST  CIRCUIT 

Test  Point 

Output 


Device 
Under 
Test 


i 


I 


*  Includes  ail  probe  and  |ig  capacitance 


EXPANDED  LOGIC  DIAGRAM 


Clock 


U 

Reset 


Q6=Pin4 
Q7=Pin6 
Q8=Pin  13 


Q9=Pin  12 
Q10=Pin  14 
Oil -Pin  15 


Vcc=  Pin  16 
GND=  Pin  8 
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TIMING  DIAGRAM 

32         64         128  256 


2048  4096 


nj    u   u  i_r 


!192  16,384 


APPLICATIONS  INFORMATION 


TIME-BASE  GENERATOR 

A  60  Hz  sinewave  obtained  through  a  1 .0  Megohm  resistor 
connected  directly  to  a  standard  120  Vac  power  line  is  applied 
to  the  input  of  the  MC54/74HC14,  Schmitt-trigger  inverter. 
The  HC14  squares-up  the  input  waveform  and  feeds  the 


HC4O20.  Selecting  outputs  Q5,  Q10,  0.11,  and  Q12  causes  a 
reset  every  3600  clocks.  The  HC20  decodes  the  counter  out- 
puts, produces  a  single  (narrow)  output  pulse,  and  resets  the 
binary  counter.  The  resulting  output  frequency  is  1.0  pulse/ 
minute. 


vcc 


vcc 


120  Vac 
60  Hz 


1.0  Pulse/Minute 
Output 
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7-Stage  Binary  Ripple  Counter 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC4024  is  identical  in  pinout  to  the  standard  CMOS  MC14024.  The 
device  inputs  are  compatible  with  standard  CMOS  outputs;  with  pullup  resistors, 
they  are  compatible  with  LSTTL  outputs. 

This  device  consists  of  7  master-slave  flip-flops.  The  output  of  each  flip-flop  feeds 
the  next  and  the  frequency  at  each  output  is  half  that  of  the  preceding  one.  The 
state  of  the  counter  advances  on  the  negative  going  edge  of  the  Clock  input.  Reset 
is  asynchronous  and  active-high. 

State  changes  of  the  Q  outputs  do  not  occur  simultaneously  because  of  internal 
ripple  delays.  Therefore,  decoded  output  signals  are  subject  to  decoding  spikes  and 
may  have  to  be  gated  with  the  Clock  of  the  HC4024  for  some  designs. 

•  Output  Drive  Capability:  10  LSTTL  Loads 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1  nf\ 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  206  FETs  or  51.5  Equivalent  Gates 


LOGIC  DIAGRAM 


Clock 


MC54/74HC4024 


N  SUFFIX 
PLASTIC 
CASE  646 


D  SUFFIX 

SOIC 
CASE  751A 


ORDERING  INFORMATION 

MC74HCXXXXN  Plastic 
MC54HCXXXXJ  Ceramic 
MC74HCXXXXD  SOIC 

TA=  -55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 


PIN  ASSIGNMENT 


Clock  I  1  • 
Reset [  2 
Q7l  3 
0.61  4 
Q5|  5 
Q4l  6 
GND I  7 


ivcc 

INC 


12  IQ1 
11  102 
10  |NC 
9  IQ3 
8  INC 


NC  =  No  Connection 


FUNCTION  TABLE 


Pin  14  =  V(x 
Pin  7=  GND 

Pins  8,  10  and  13  =  No  Connection 


Clock 

Reset 

Output  State 

L 

No  Change 

L 

Advance  to  next  stale 

X 

H 

All  Outputs  are  low 
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MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

VCC 

DC  Supply  Voltage  (Referenced  to  GND} 

-0.5  to  +7.0 

V 

Vjn 

DC  Input  Voltage  (Referenced  to  GND) 

-  1 .5  to  vcc  +  1-5 

V 

Vout 

DC  Output  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc+0.5 

V 

"in 

DC  Input  Current,  per  Pin 

±20 

mA 

'out 

DC  Output  Current,  per  Pin 

±25 

mA 

ice 

DC  Supply  Current,  Vcc  and  GND  pins 

±50 

mA 

PD 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

TStq 

Storage  Temperature 

-65  to  +150 

°C 

TL 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°C 

*  Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
TDerating  -  Plastic  DIP:  -10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -  10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjn  and 
Vout  should  be  constrained  to  the 
range  GND<(Vin  or  Vout)<Vcc- 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  Vcc'-  Unused 
outputs  must  be  left  open. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

vcc 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°e 

tr.  tf 

Input  Rise  and  Fall  Time                          Vcc  =  2.0  V 
(Figure  1)                                          VCC  =  4.5V 

VCC  =  6.0  V 

0 
0 
0 

1000 
500 
400 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 


vcc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

Test  Conditions 

25"C  to 

<86°C 

<125°C 

Unit 

-55°C 

V|H 

Minimum  High-Level  Input 

Vout  =  0.1  Vor  VCC 

-0.1  V 

2.0 

1.5 

1.5 

1.5 

V 

Voltage 

|lout|  <20».A 

4.5 

3.15 

3.15 

3.15 

6.0 

4.2 

4.2 

4.2 

V|L 

Maximum  Low-Level  Input 

Vout  =  0.1  Vor  VCC 

-0.1  V 

2.0 

0.3 

0.3 

0.3 

V 

Voltage 

IWI  S20  pA 

4.5 

0.9 

0.9 

0.9 

6.0 

1.2 

1.2 

1.2 

V0H 

Minimum  High-Level  Output 

Vin  =  V|H  or  V|L 

2.0 

1.9 

1.9 

1.9 

V 

Voltage 

|lout|s20^A 

4.5 

4.4 

4.4 

4.4 

6.0 

5.9 

5.9 

5.9 

Vin=V|HorV|L 

|lout|<4.0  mA 

4.5 

3.98 

3.84 

3.70 

|lou,|<5.2  mA 

6.0 

5.48 

5.34 

5.20 

vol 

Maximum  Low-Level  Output 

Vin  =  V|H  or  V|L 

2.0 

0.1 

0.1 

0.1 

V 

Voltage 

|IOU,|<20MA 

4.5 

0.1 

0.1 

0.1 

6.0 

0.1 

0.1 

0.1 

Vin  =  V|HorV|L 

|lout|<4.0mA 

4.5 

0.26 

0.33 

0.40 

|lou,|s5.2  mA 

6.0 

0.26 

0.33 

0.40 

■in 

Maximum  Input  Leakage  Current 

Vin  =  VCC  or  GND 

6.0 

±0.1 

±1.0 

±1.0 

«A 

ice 

Maximum  Quiescent  Supply 

Vin  =  VcC  or  GND 

6.0 

8 

80 

160 

Current  (per  Package) 

lout  =  0;iA 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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AC  ELECTRICAL  CHARACTERISTICS  (CL  =  50  pF,  Input  tr  =  tf  =  6  ns) 


vcc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

25"C  to 
-55°C 

<85°C 

<125°C 

Unit 

fmax 

Maximum  Clock  Frequency  {50%  Duty  Cycle) 
(Figures  1  and  4) 

2.0 
4.B 
6.0 

5.4 

27 
32 

4.4 
22 
26 

3.6 
18 
21 

MHz 

tPLH- 
*PHL 

Maximum  Propagation  Delay,  Clock  to  Ql* 
(Figures  1  and  4) 

2.0 
4.5 
6.0 

210 
42 
36 

265 
53 
45 

315 
63 
54 

ns 

«PHL 



Maximum  Propagation  Delay,  Reset  to  Any  Q 
(Figures  2  and  4) 

2.0 
4.5 
6.0 

210 
42 
36 

265 
53 
45 

315 
63 
54 

ns 

tPLH. 
tPHL 

Maximum  Propagation  Delay,  ON  to  QN  + 1 
(Figures  3  and  4) 

2.0 
4.5 
6.0 

125 
25 
21 

155 
31 
26 

190 
38 
32 

ns 

tTLH- 

•thl 

Maximum  Output  Transition  Time,  Any  Output 
(Figures  1  and  4) 

2.0 
4.5 
6.0 

75 
15 
13 

95 
19 
16 

110 
22 
19 

ns 

Cin 

Maximum  Input  Capacitance 

10 

10 

10 

pF 

NOTES: 


1.  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 

*For  Ta  =  25°C  and  C[_  =  50  pF,  typical  propagation  delay  from  Clock  to  other  Q  outputs  may  be  calculated  with  the  following  equations: 
VCC  =  2.0  V:  tp  =  1205  +  100(N  - 1 )]  ns 
VCC  =  4.5  V:  tp  =  [41+20(N-1)]  ns 
VCc  =  6.0  V:  tp  =  [35+17(N-D]  ns 


CPD 

Power  Dissipation  Capacitance  (Per  Package) 

Used  to  determine  the  no-load  dynamic  power  consumption: 

PD  =  CPD  Vcc2f+lCC  VCC 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

Typical  @  25°C.  VCC  =  5.0V 

30 

pF 

Guaranteed  Limit 

Vcc 

Symbol 

25°C  to 

Unit 

V 

-S5°C 

«85°C 

<125°C 

*rec 

Minimum  Recovery  Time,  Reset  Inactive  to  Clock 

2.0 

100 

125 

150 

ns 

(Figure  2) 

4.5 

20 

25 

30 

6.0 

17 

21 

26 

<w 

Minimum  Pulse  Width,  Clock 

2.0 

80 

100 

120 

ns 

(Figure  1) 

4.5 

16 

20 

24 

6.0 

14 

17 

20 

*w 

Minimum  Pulse  Width,  Reset 

2.0 

80 

100 

120 

ns 

(Figure  21 

4.5 

16 

20 

24 

6.0 

14 

17 

20 

«r.  tf 

Maximum  Input  Rise  and  Fall  Times 

2.0 

1000 

1000 

1000 

ns 

(Figure  1 ) 

4.5 

500 

500 

500 

6.0 

400 

400 

400 

NOTE:  h 


on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 


INPUTS 

CLOCK  (PIN  1)  -  Negative-edge  triggering  clock  input.  A 
high-to-low  transition  of  this  input  advances  the  state  of  the 
counter. 

RESET  (PIN  2)  -  Active-high  asynchronous  reset.  A  high 
level  applied  to  this  input  resets  the  counter  to  its  zero  state, 
thus  forcing  all  Q  outputs  low. 


PIN  DESCRIPTIONS 

OUTPUTS 


Q1-Q7  (PINS  12,  11,  9,  6,  5,  4,  3)  -  Active-high  outputs. 
Each  QN  output  divides  the  Clock  input  frequency  by  2N. 
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SWITCHING  WAVEFORMS 
FIGURE  1  FIGURE2 


FIGURE  3  FIGURE  4  —  TEST  CIRCUIT 

 1  Test  Point 


*  Includes  all  probe  and  |ig  capacitance 


TIMING  DIAGRAM 


I 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL  DATA 


1 2-Stage  Binary  Ripple  Counter 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC4040  is  identical  in  pinout  to  the  standard  CMOS  MC14040.  The 
device  inputs  are  compatible  with  standard  CMOS  outputs;  with  pullup  resistors, 
they  are  compatible  with  LSTTL  outputs. 

This  device  consists  of  12  master-slave  flip-flops.  The  output  of  each  flip-flop 
feeds  the  next  and  the  frequency  at  each  output  is  half  that  of  the  preceding  one. 
The  state  of  the  counter  advances  on  the  negative-going  edge  of  the  Clock  input. 
Reset  is  asynchronous  and  active-high. 

State  changes  of  the  Q  outputs  do  not  occur  simultaneously  because  of  internal 
ripple  delays.  Therefore,  decoded  output  signals  are  subject  to  decoding  spikes  and 
may  have  to  be  gated  with  the  Clock  of  the  HC4040  for  some  designs. 

•  Output  Drive  Capability:  10  LSTTL  Loads 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1  /iA 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  398  FETs  or  99.5  Equivalent  Gates 


MC54/74HC4040 


16            II  ||  W  " 

1 

J  SUFFIX 
CERAMIC 
CASE  620 

1 

|            N  SUFFIX 
PLASTIC 
CASE  648 

i 

D  SUFFIX 

SOIC 
CASE  751 

ORDERING  INFORMATION 

MC74HCXXXXN  Plastic 
MC54HCXXXXJ  Ceramic 
MC74HCXXXXD  SOIC 

Ta=  -55°  to  126°C  for  all  packages. 
Dimensions  in  Chapter  7. 

LOGIC  DIAGRAM 


Clock 


Pin  16  =  VCC 
Pin  8  =  GND 


PIN  ASSIGNMENT 


FUNCTION  TABLE 


Clock 

Reset 

Output  State 

L 

No  Change 

L 

Advance  to  next  state 

X 

H 

All  Outputs  are  low 
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MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

VCC 

DC  Supply  Voltage  (Referenced  to  GND) 

—  0.5  to  +  7.0 

V 

V;« 
vin 

DC  Input  Voltage  (Referenced  to  GND) 

—  1 .5  to  Vcc  +  1.5 

V 

Vout 

DC  Output  Voltage  (Referenced  to  GND) 

-0.5  to  Vqc +  0.5 

V 

lin 

DC  Input  Current,  per  Pin 

±20 

mA 

'out 

DC  Output  Current,  per  Pin 

±25 

mA 

CC 

DC  Supply  Current,  Vcc  and  GND  Pins 

±50 

mA 

PD 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tsta 

Storage  Temperature 

-65  to  +  150 

°C 

TL 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°C 

*Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
tDerating  -  Plastic  DIP:  -  10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vin  and 
Vout  should  be  constrained  to  the 
range  GND  <  (Vjn  or  Vout]sVcc- 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  Vcc)-  Unused 
outputs  must  be  left  open. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 


vcc 


Vin.Vout 


TA 


DC  Supply  Voltage  (Referenced  to  GND) 


DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND] 


Operating  Temperature,  All  Package  Types 


Input  Rise  and  Fall  Time 
(Figure  1) 


VCC  =  2.0  V 
VCC  =  4.5  V 


Min  Max 


2.0 


6.0 


VCC 


1000 
500 


Unit 


DC  ELEC1 



rRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 

Symbol 

Parameter 

Test  Conditions 

VCC 
V 

Guaranteed  Limit 

Unit 

2B°Cto 
-55°C 

s85°C 

<125°C 

V|H 

Minimum  High-Level  Input 
Voltage 

Vout  =  0.1  Vor  Vcc-0.1  V 
|Iout|s2D«A 

2.0 
4.5 
6.0 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

1.5 
3.15 
4  2 

V 

V|L 

Maximum  Low-Level  Input 
Voltage 

Vout  =  0.1  Vor  Vcc-0.1  V 
|lout|s:20,«A 

2.0 
4.5 

■  6.0 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

V 

VOH 

Minimum  High-Level  Output 
Voltage 

Vin  =  V|H  or  V|L 
|lout|  £20  iiA 

2.0 
4.5 
6.0 

1.9 
4.4 

5.9 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

V 

Vin  =  V|HorV|L  |lout|<4.0mA 
|lout|s5.2mA 

4.5 
6.0 

3.98 
5.48 

3.84 
5.34 

3.70 
5.20 

VOL 

Maximum  Low-Level  Output 
Voltage 

Vin  =  V|H  or  V|L 
|IOU,|<20^A 

2.0 
4.5 
6.0 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

0.1 

0.1 
0.1 

V 

Vin  =  V|HorV|L  |lout|s4.0mA 
|lout|s5.2  mA 

4.5 
6.0 

0.26 
0.26 

0.33 
0.33 

0.40 
0.40 

lin 

Maximum  Input  Leakage  Current 

Vin  =  VCC  or  GND 

6.0 

±0.1 

±1.0 

±1.0 

*A 

ice 

Maximum  Quiescent  Supply 
Current  (per  Package) 

Vin  =  VCC  or  GND 
lout  =  0„A 

6.0 

8 

80 

160 

NOTE:  I 


)  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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AC  ELECTRICAL  CHARACTERISTICS  (CL  =  50  pF,  Input  tr  =  tf  =  6  ns) 


vCc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

25°C  to 

£  85°C 

< 125°  C 

Unit 

-55°C 

fmax 

Maximum  Clock  Frequency  (50%  Duty  Cycle) 

2.0 

5.0 

4.0 

3.4 

MHz 

(Figures  1  and  4) 

4.5 

25 

20 

17 

6.0 

29 

24 

20 

tPLH. 

Maximum  Propagation  Delay,  Clock  to  01* 

2.0 

210 

265 

315 

ns 

'PHL 

(Figures  1  and  4) 

4.5 

42 

53 

63 

6.0 

36 

45 

54 

'PHL 

Maximum  Propagation  Delay,  Reset  to  Any  Q 

2.0 

240 

300 

360 

ns 

(Figures  2  and  4) 

4  5 

48 

60 

72 

6.0 

41 

51 

61 

<PLH. 

Maximum  Propagation  Delay,  QN  to  QN  + 1 

2.0 

125 

155 

190 

ns 

tPHL 

(Figures  3  and  4) 

4.5 

25 

31 

38 

6.0 

21 

26 

32 

tTLH. 

Maximum  Output  Transition  Time,  Any  Output 

2.0 

75 

95 

110 

ns 

THL 

(Figures  1  and  4) 

4.5 

15 

19 

22 

6.0 

13 

16 

19 

Cin 

Maximum  Input  Capacitance 

10 

10 

10 

PF 

NOTES: 

1.  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 

*For  Ta  =  25°C  and  C{_  =  50  pF,  typical  propagation  delay  from  Clock  to  other  Q  outputs  may  be  calculated  with  the  following  equations: : 
VCC  =  2.0  V:  tp  =  [205+107.5(N-1)l  ns 
VCC  =  4.5  V:  tp  =  [41+21.5(N-D]  ns 
VCC  =  6.0  V:  tp  =  [35+  18.3IN  -  1)1  ns 


CPD 

Power  Dissipation  Capacitance  (Per  Package) 

Typical  @  25°C.  Vcc  =  5.0  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 

PD  =  CPD  Vcc^f+lcC  VCC 

35 

pF 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

TIMING  REQUIREMENTS  {Input  tr  =  t(  =  6  ns) 


vCc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

25°C  to 

-ss^c 

<85°C 

<125°C 

Unit 

lrec 

Minimum  Recovery  Time,  Reset  Inactive  to  Clock 

2.0 

100 

125 

150 

ns 

(Figure  2) 

4.5 

20 

25 

30 

6.0 

17 

21 

26 

tw 

Minimum  Pulse  Width,  Clock 

2.0 

80 

100 

120 

ns 

(Figure  1) 

4.5 

16 

20 

24 

6.0 

14 

17 

20 

'w 

Minimum  Pulse  Width,  Reset 

2.0 

80 

100 

120 

ns 

(Figure  2) 

4.5 

16 

20 

24 

6.0 

14 

17 

20 

tr. 'f 

Maximum  Input  Rise  and  Fall  Times 

2.0 

1000 

1000 

1000 

ns 

(Figure  1) 

4.5 

500 

500 

500 

6.0 

400 

400 

400 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 


PIN  DESCRIPTIONS 


INPUTS 

CLOCK  (PIN  10)  -  Negative-edge  triggering  clock  input.  A 
high-to-low  transition  on  this  input  advances  the  state  of  the 
counter. 

RESET  (PIN  11)  -  Active-high  reset.  A  high  level  applied 
to  this  input  asynchronously  resets  the  counter  to  its  zero  state, 
thus  forcing  all  Q  outputs  low. 


OUTPUTS 

Q1  THRU  Q12  (PINS  9,  7,  6,  5,  3,  2,  4,  13,  12,  14,  15,  1) 

—  Active-high  outputs.  Each  QN  output  divides  the  Clock 
input  frequency  by  2N. 
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MC54/74HC4040 


SWITCHING  WAVEFORMS 


FIGURE  3  FIGURE  4  -  TEST  CIRCUIT 


*  Includes  all  probe  and  jig  capacitance- 


Reset  Q4=Pin5  Q7  =  Pin4  Vcc=Pin16 

Q5=Pin3  Q8=Pin13  GND  =  Pin  8 

06=  Pin  2  Q9=Pin12 
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APPLICATIONS  INFORMATION 


TIME-BASE  GENERATOR 

A  60  Hz  sinewave  obtained  through  a  1 .0  Megohm  resistor 
connected  directly  to  a  standard  120  Vac  power  line  is  applied 
to  the  input  of  the  HC14,  Schmitt-trigger  inverter.  The  HC14 
squares-up  the  input  waveform  and  feeds  the  HC4040. 


Selecting  outputs  Q5,  Q10,  0.11,  and  Q12  causes  a  reset  every 
3600  clocks.  The  HC20  decodes  the  counter  outputs,  produces 
a  single  (narrow)  output  pulse,  and  resets  the  binary  counter. 
The  resulting  output  frequency  is  1.0  pulse/minute. 


120  Vac 
60  Hz 


10  Pulse/ Minute 
Output 

1/2  \~6 

HC20 
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SEMICONDUCTOR 

TECHNICAL  DATA 


Hex  Buffers/Logic-Level 
Down  Converters 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC4049  consists  of  six  inverting  buffers,  and  the  MC54/74HC4050 
consists  of  six  noninverting  buffers.  They  are  identical  in  pinout  to  the  MC14049UB 
and  MC14050B  metal-gate  CMOS  buffers.  The  device  inputs  are  compatible  with 
standard  CMOS  outputs;  with  pullup  resistors,  they  are  compatible  with  LSTTL 
outputs. 

The  input  protection  circuitry  on  these  devices  has  been  modified  by  eliminating 
the  Vcc  diodes  to  allow  the  use  of  input  voltages  up  to  15  volts.  Thus,  the  devices 
may  be  used  as  logic-level  translators  that  convert  from  a  high  voltage  to  a  low 
voltage  while  operating  at  the  low-voltage  power  supply.  They  allow  MC14000-series 
CMOS  operating  up  to  15  volts  to  be  interfaced  with  High-Speed  CMOS  at  2  to  6 
volts.  The  protection  diodes  to  GND  are  Zener  diodes,  which  protect  the  inputs 
from  both  positive  and  negative  voltage  transients. 

•  Output  Drive  Capability:  10  LSTTL  Loads 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 
:urrent:  5  //A 

nity  Characteristic  of  CMOS  Devices 
with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 
xity:  36  FETs  or  9  Equivalent  Gates  (4049) 
24  FETs  or  6  Equivalent  Gates  (4050) 


LOGIC  DIAGRAMS 


MC54/74HC4049 
MC54/74HC4050 


J  SUFFIX 

CERAMIC 

J1J0P 

CASE  620 

I            N  SUFFIX 

PLASTIC 

CASE  648 

D  SUFFIX 

SOIC 

CASE  751 

ORDERING  INFORMATION 

MC74HCXXXXN  Plastic 

MC54HCXXXXJ  Ceramic 

MC74HCXXXXD  SOIC 

TA=  -  55°  to  125°C  for  all  packages. 

Dimensions  in  Chapter  7. 

(INVERTING  BUFFER) 


HC4050 
(NONINVERTING  BUFFER) 


AO- 


A0- 


A2- 


A3- 


> 


^X> — - — n  ai- 

10      Y3  A3^_  ^>     10  Y3 


PIN  ASSIGNMENT 


NC  =  N0  CONNECTION 


A4- 


A5- 


-Y4 


-Y5 


FUNCTION  TABLE 


A 

Y  Outputs 

Inputs 

HC4049 

HC4060 

L 

H 

L 

H 

L 

H 

PIN  1  =VCC 
PIN  8  =  GND 

PINS  13,  16  =  NO  CONNECTION 


■ 
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M  C54/74H  C4049*  M  C54/74H  C4050 


MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

Vcc 

U\j  supply  voltage  ineierenceo  to  uinuj 

—  U.D  TO  +  / -U 

w 

v;n 

f~\        IrirMit  \/r\l+m-ta   f  Ro+orQn^Q^  *n   CI  M  1*1  \ 

uk,  inpui  voiiayt;  ineierencea  10  uimuj 

1   li  tn    _i_  ID 

Vout 

DC  Output  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc +  0.5 

V 

'in 

DC  Input  Current,  per  Pin 

-20 

mA 

'out 

DC  Output  Current,  per  Pin 

±25 

mA 

ice 

DC  Supply  Current,  Vcc  ar)d  GND  Pins 

±50 

mA 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tstq 

Storage  Temperature 

-65  to  +150 

°C 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package! 

(Ceramic  DIP) 

260 
300 

°c 

*Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
TDerating  -  Plastic  DIP:  -10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  circuitry  to 
protect  the  inputs  against  damage 
due  to  high  static  voltages  or  electric 
fields  referenced  to  the  GND  pin, 
only.  Extra  precuations  must  be 
taken  to  avoid  applications  of  any 
voltage  higher  than  the  maximum 
rated  voltages  to  this  high-imped- 
ance circuit.  For  proper  operation, 
the  ranges  GND<Vjn<15  V  and 
GND<Vout<  Vcc  are  recom- 
mended. 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  Vqc)- 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vm 

DC  Input  Voltage  (Referenced  to  GND) 

0 

Vcc  'o 
15 

V 

Vout 

DC  Output  Voltage  (Referenced  to  GND) 

0 

vcc 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

tr.  tf 

Input  Rise  and  Fall  Time                            Vcc  =  2.0  V 
(Figure  1)                                          VCC  =  4.5V 

VCC  =  6.0  V 

0 
0 
0 

1000 
500 
400 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 

Symbol 

Parameter 

Test  Conditions 

vCc 

V 

Guaranteed  Limit 

Unit 

25°  C  to 
-55°C 

<85°C 

<125°C 

V|H 

Minimum  High-Level  Input 
Voltage 

Vout  =  0.1  Vor  VCC-0.1  V 
|lout|s20^A 

2.0 
4.5 
6.0 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

V 

V|L 

Maximum  Low-Level  Input 
Voltage 

Vout  =  0.1  Vor  Vcc-0.1  V 
(loutl^O,^ 

2.0 
4.5 
6.0 

0.3 
0.9 
1.2 

0.3 
0.9 

1.2 

0.3 
0.9 
1.2 

V 

VOH 

Minimum  High-Level  Output 
Voltage 

Vin  =  V|H  or  V|L 
|lout|<20flA 

2.0 
4.5 
6.0 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

V 

Vin  =  V|HorV|L  |lout|<4.0mA 
|lout|<5.2  mA 

4.5 
6.0 

3.98 
5.48 

3.84 
5.34 

3.70 
5.20 

vol 

Maximum  Low-Level  Output 
Voltage 

Vin=V|Hor  V,L 
|IOU,|<20^A 

2.0 
4.5 
6.0 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

V 

Vin  =  V|HorV,L  |lout|<4.0mA 
|lout|<5.2  mA 

4.5 

6.0 

0.26 
0.26 

0.33 
0.33 

■in 

Maximum  Input  Leakage  Current 

Vin  =  Vcc  or  GND 
Vin  =  15V 

6.0 
6.0 

±0.1 
0.5 

±1.0 
5.0 

±1.0 
5.0 

«A 

ice 

Maximum  Quiescent  Supply 
Current  (per  Package) 

Vin  =  15  Vor  GND 
lout  =  °/iA 

6.0 

2 

20 

40 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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M  C54/74HC4049*  M  C54/74H  C4050 


AC  ELECTRICAL  CHARACTERISTICS  ICL  =  50  pF,  Input  tr  =  tf  =  6  ns) 


Vcc 

Guaranteed  Limit 

Symbol 

Parameter 

25°C  to 
-56°C 

<85°C 

<125°C 

Unit 

»PLH. 
'PHL 

Maximum  Propagation  Delay,  Input  A  to  Output  Y 
(Figures  1  and  2) 

2.0 
4.5 
6.0 

85 
17 
14 

105 
21 
18 

130 
26 
22 

ns 

Tlh. 
Thl 

,  1 

Maximum  Output  Transition  Time,  Any  Output 
(Figures  1  and  2) 

2.0 
4.5 
6.0 

75 
15 
13 

95 
19 
16 

110 
22 
19 

ns 

Cin 

Maximum  Input  Capacitance 

10 

10 

10 

PF 

NOTES: 

1 .  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


CpD 

Power  Dissipation  Capacitance  (Per  Buffer) 

Typical  S  25°C,  VCC  =  5  0  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 

pd=Cpd  vcc2,+|cc  Vcc 

27 

pF 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 
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LOGIC  DETAIL 


HC4049 

11/6  of  the  Device) 


HC4050 
11/6  of  the  Device) 


> — €>— 


TYPICAL  APPLICATIONS 


LSTTL  to  Low-Voltage  HSCMOS 


High-Voltage  CMOS  to  HSCMOS 


5V  - 


f  -3V 

N>  o 

ism 

DEVICE 


HC4049  HC  DEVICE 

HC4050 


HC4049  HC  DEVICE 
HC4050 


NOTE:  To  determine  the  noise  immunity  for  the  LSTTL  to  low- 
voltage  configuration,  use  Eq.  1  and  Eq.  2: 
ITTL)  Vqh-ICMOSI  V|H       Eq.  1 
(TTL)  Vql "(CMOS)  V|L        Eq.  2 

For  the  supply  levels  shown: 
2.4-3  (75% I  =  2.4 -2.25  =  0.1 5  V 
0.4-3  (15%)=0.4  -  0.45  =  0.05  V 

Therefore,  worst  case  noise  immunity  is  50  mV. 

For  supply  levels  greater  than  4.5  volts  use  the  74HCT04 
for  direct  interface  to  TTL  outputs. 


*Table  1.  Supply  Examples 


vdd 

vcc 

15  V 

2  V 

12  V 

5  V 

12  V 

3  V 
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Advance  Information 
Analog  Multiplexers/ 
Demultiplexers 

High-Performance  Silicon-Gate  CMOS 


The  MC54/74HC4051,  MC54/74HC4052,  and  MC54/74HC4053  utilize  silicon-gate 
CMOS  technology  to  achieve  fast  propagation  delays,  low  ON  resistances,  and  low 
OFF  leakage  currents.  These  analog  multiplexers/demultiplexers  control  analog  volt- 
ages that  may  vary  across  the  complete  power  supply  range  (from  Vcc  to  VEE'- 

The  HC4051,  HC4052,  and  HC4053  are  identical  in  pinout  to  the  metal-gate 
MC14051B,  MC14052B,  and  MC14053B.  The  Channel-Select  inputs  determine  which 
one  of  the  Analog  Inputs/Outputs  is  to  be  connected,  by  means  of  an  analog  switch, 
to  the  Common  Output/Input.  When  the  Enable  pin  is  high,  all  analog  switches  are 
turned  off. 

The  Channel-Select  and  Enable  inputs  are  compatible  with  standard  CMOS  out- 
puts; with  pullup  resistors,  they  are  compatible  with  LSTTL  outputs. 

These  devices  have  been  designed  so  that  the  ON  resistance  (Ron)  is  more  linear 
over  input  voltage  than  Ron  of  metal-gate  CMOS  analog  switches. 

For  multiplexers/demultiplexers  with  channel  select  latches,  see  HC4351,  HC4352, 
and  HC4353. 

•  Fast  Switching  and  Propagation  Speeds 

•  Low  Crosstalk  Between  Switches 

•  Diode  Protection  on  All  Inputs/Outputs 

•  Analog  Power  Supply  Range  (Vcc  -  VeE>  =  2  0  to  12.0  V 

•  Digital  (Control)  Power  Supply  Range  (Vcc - GND)  =2.0  to  6.0  V 

•  Improved  Linearity  and  Lower  ON  Resistance  than  Metal-Gate  Counterparts 

•  Low  Noise 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  HC4051  -  184  FETs  or  46  Equivalent  Gates 

HC4052-168  FETs  or  42  Equivalent  Gates 
HC4053-156  FETs  or  39  Equivalent  Gates 


MC54/74HC4051 
MC54/74HC4052 
MC54/74HC4053 


J  SUFFIX 
CERAMIC 
CASE  620 


N  SUFFIX 
PLASTIC 
CASE  648 


DW  SUFFIX 

SOIC 
CASE  751 G 


ORDERING  INFORMATION 


MC74HCXXXXN 
MC54HCXXXXJ 
MC74HCXXXXDW 


Plastic 

Ceramic 

SOIC 


Ta=  -55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 





LOGIC  DIAGRAM 
MC54/74HC4051 
ole,  8-Position  Plus  Common  Off 


PIN  ASSIGNMENT 
MC54/74HC4051 


X4( 
X6( 
XI 
X7! 
X5I 
ENABLE  I 
VEEt 


16  1  VCC 
15  1  X2 
14  ]  XI 
13  ]  XO 
12  ]  X3 
11  1  A 
10  I  B 


9  ]  C 


FUNCTION  TABLE 
MC54/74HC4051 


PIN  16  =  VCC 

pin  7 = Vee 

PIN  8  =  GN0 


Control  Inputs 

ON  Channels 

Enable 

Select 

C 

B 

A 

L 

L 

L 

L 

X0 

L 

L 

L 

H 

X1 

L 

L 

H 

L 

X2 

L 

L 

H 

H 

X3 

L 

H 

L 

L 

X4 

L 

H 

L 

H 

X5 

L 

H 

H 

L 

X6 

L 

H 

H 

H 

X7 

H 

X 

X 

X 

None 

X  =  don't  can 

This  document  contains  information  on  a  new  product.  Specifications  and  information  herein  are  subject  to  change  without  notice. 
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M  C54/74HC4051  •MC54/74HC4052-  M  C54/74H  C4053 


MC54/74HC4052 
Double-Pole,  4-Position 
Plus  Common  Off 


LOGIC  DIAGRAM 


PIN  ASSIGNMENT 


ANALOG 
INPUTS/OUTPUTS 


CHANNEL-SELECT 
INPUTS 


xo- 

XI  ■ 
X2  ■ 
X3  ■ 


YO  - 
Y1  ■ 
Y2  ■ 
Y3  ■ 


ENABLE 


X  SWITCH 


Y  SWITCH 


COMMON 

OUTPUTSIINPUTS 


VCC  =  PIN  16 
VEE  =  PIN  7 
GND  =  PIN  8 


YO  E  1  • 

Y2  [  2 

Y  [  3 

Y3  [  4 

Y1  [  5 

ENABLE  [  6 

VEE[  7 

GNO  [  8 


16  JVCC 
15  ]  X2 
14  ]X1 
13  ]X 
12  ]X0 
11  ]X3 
10  IA 
9  ]  B 


FUNCTION  TABLE 


Control  Inputs 

ON  Channels 

Enable 

Select 

B 

A 

L 

L 

L 

YO  XO 

L 

L 

H 

Y1  X1 

L 

H 

L 

Y2  X2 

L 

H 

H 

Y3  X3 

H 

X 

X 

None 

X  =  Don't  Care 


MC54/74HC4053 
Triple  Single-Pole,  Double-Position 
Plus  Common  Off 


LOGIC  DIAGRAM 


PIN  ASSIGNMENT 


ANALOG 
INPUTS/OUTPUTS 


CHANNEL-SELECT 
INPUTS 


f  AiL 

k 


ENABLE  - 


X  SWITCH 


Y  SWITCH 


Yl  [ 

1* 

16 

"CC 

YO  [ 

2 

15 

]Y 

Z1  [ 

3 

14 

]X 

Z[ 

4 

13 

]X1 

COMMON 

ZOt 

5 

12 

1X0 

OUTPUTSIINPUTS 

ENABLE  I 

6 

11 

)A 

VEE[ 

7 

10 

]B 

GND! 

8 

9 

]C 

VCC  =  PIN  16 
VEE  =  PIN  7 
GND  =  PIN  8 


NOTE:  This  device  allows  independent  control  of  each  switch.  Channel-Select  Input 
A  controls  the  X  Switch,  Input  B  controls  the  Y  Switch,  and  Input  C  controls 
the  Z  Switch. 


FUNCTION  TABLE 


Control  Inputs 

ON  Channels 

Enable 

Select 

C 

B 

A 

L 

L 

L 

L 

ZO 

YO  XO 

L 

L 

L 

H 

ZO 

YO  XI 

L 

L 

H 

L 

ZO 

Yl  XO 

L 

L 

H 

H 

ZO 

Yl  X1 

L 

H 

L 

L 

Z1 

YO  XO 

L 

H 

L 

H 

Z1 

YO  X1 

L 

H 

H 

L 

Z1 

Y1  XO 

L 

H 

H 

H 

Z1 

Yl  X1 

H 

X 

X 

X 

None 

X  =  Don't  Care 
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IVI C54/74HC4051  *  IVI C54/74H  C4052*  IVI C54/74H  C4053 


MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

vcc 

Positive  DC  Supply  Voltage    (Ref.  to  GMD) 
(Ref.  to  V^e' 

-0.5  to  +7.0 
-0.5  to  14.0 

V 

vee 

Negative  DC  Supply  Voltage  (Ref.  to  GND) 

-7.0  to  +0.5 

V 

vis 

Analog  Input  Voltage 

Vee -0.5  <°  Vcc +  0.5 

V 

Vin 

Digital  Input  Voltage  (Ref.  to  GND) 

-1.5  to  Vqc +  1-5 

V 

i 

DC  Current  Into  or  Out  of  Any  Pin 

±25 

mA 

PD 

Power  Dissipation  in  Still  Air 

Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tstfl 

Storage  Temperature 

-65  to  +150 

°C 

Lead  Temperature,  1  mm  from  Case  for 
10  Seconds    (Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°c 

*  Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  ( 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Con 
tPower  Dissipation  Temperature  Derating: 

Plastic  "N"  Package:  -  10  mW/°C  from  65°  to  85°C 

Ceramic  "J"  Package:  -10  mW/°C  from  100°  to  125°C 

SOIC  "D"  Package:  -7  mW/°C  from  65°  to  85°C 

RECOMMENDED  OPERATING  CONDITIONS 


This  device  contains  protection  circuitry 
to  guard  against  damage  due  to  high  static 
voltages  or  electric  fields.  However, 
precautions  must  be  taken  to  avoid 
applications  of  any  voltage  higher  than 
maximum  rated  voltages  to  tris  high- 
impedance  circuit.  For  proper  operation,  Vjn 
and  Vout  should  be  constrained  to  the 
ranges  indicated  in  the  Recommended 
Operating  Conditions. 

Unused  digital  input  pins  must  be  tied  to 
an  appropriate  logic  voltage  level  (e.g., 
either  GND  or  Vcc'-  Unused  Analog  I/O 
pins  may  be  left  open  or  terminated.  See 
Applications  Information  


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

Positive  DC  Supply  Voltage  (Ref.  to  GND) 
(Ref.  to  VEeI 

2.0 
2.0 

6.0 
12.0 

V 

vee 

Negative  DC  Supply  Voltage  (Ref.  to  GND) 

-6.0 

GND 

V 

vis 

Analog  Input  Voltage 

vee 

vcc 

V 

Vin 

Digital  Input  Voltage  (Ref.  to  GND) 

GND 

vcc 

V 

VlO* 

Static  or  Dynamic  Voltage  Across  Switch 

1.2 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

tr.tf 

Input  Rise  and  Fall  Time,         Vcc  =  2.0  V 
(Channel  Select  or  Enable       VCc  =  4.5  V 
Inputs)                               Vcc  =  6.0  V 

0 
0 
0 

1000 
500 
"  400 

ns 

*For  voltage  drops  across  the  switch  greater  than  1 .2  V  (switch  on),  excessive  Vrjc  current 
may  be  drawn;  i.e.,  the  current  out  of  the  switch  may  contain  both  Vcc  and  switch 
input  components.  The  reliability  of  the  device  will  be  unaffected  unless  the  Maximum 
Ratings  are  exceeded. 


DC  ELECTRICAL  CHARACTERISTICS  Digital  Section  IVoltages  Referenced  to  GND)  VEE  =  GND,  Except  Where  Noted 


vcc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

Test  Conditions 

25°  C  to 
-S6'C 

<85°C 

s125°C 

Unit 

V|H 

Minimum  Hrgh-Level  Input 
Voltage,  Channel-Select  or 
Enable  Inputs 

Ron  =  Per  Spec 

2.0 
4.5 
6.0 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

V 

V|L 

Maximum  Low-Level  Input 
Voltage,  Channel-Select  or 
Enable  Inputs 

Ron  =  Per  Spec 

2.0 
4.5 
6.0 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

V 

lin 

Maximum  Input  Leakage  Current, 
Channel-Select  or  Enable  Inputs 

Vin  -  VCC  or  GND,  VEE  =  -  6.0  V 

6.0 

±0.1 

±1.0 

±1.0 

'CC 

Maximum  Quiescent  Supply 
Current  (per  Package) 

Channel  Select  =  Vcc  °r  GND 
Enable  =  VCC  °r  GND 
V|S=vcc  or  GND 

V|O  =  0V                           VEE  =  GND 
VEE=  -6.0 

6.0 
6.0 

2 
8 

20 
80 

40 
160 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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DC  ELECTRICAL  CHARACTERISTICS  Analog  Section 


Guaranteed  Limit 

Symbol 

Parameter 

Test  Conditions 

VCC 

vEe 

25°C  to 
-55°C 

<85°C 

s12S°C 

Unit 

Ron 

Maximum  "ON"  Resistance 

Vin  =  V|Lor  V|H 

VIS  =  VCC  <o  VEE 
ISS2.0  mA  (Figures  1,  2) 

4.5 
4.5 
6.0 

0.0 
-4.5 
-6.0 

190 

120 
100 

240 
150 
125 

280 
170 
140 

Q 

Vin=V|L  or  V|H 

VIS  =  VCC  or  VEE  (Endpoints) 

IS  s 2.0  mA  (Figures  1,  2) 

4.5 
4.5 
6.0 

0.0 
-4.5 

-6.0 

150 
100 
80 

190 
125 
100 

230 
140 
115 

ARon 

Maximum  Difference  in  "ON" 
Resistance  Between  Any  Two  Channels 
in  the  Same  Package 

Vjn  =  V|l  or  V]H 

V|S  =  1/2  (Vcc-Vee) 

ISS2.0  mA 

4.5 
4.5 
6.0 

0.0 
-4.5 
-6.0 

30 
12 
10 

35 
15 
12 

40 
18 
14 

!i 

I  off 

Maximum  Off-Channel  Leakage 
Current,  Any  One  Channel 

Vin  =  V|L  or  V,H 

Vio= vcc-vee 

Switch  Off  (Figure  3) 

6.0 

-6.0 

0.1 

0.5 

1.0 

„A 

Maximum  Off-Channel  Leakage 
Current,  Common  Channel 

HC4051 

Vin=V|L  or  V|H 

Vio= vcc-vee 

Switch  Off  (Figure  4) 

6.0 

-6.0 

0.2 

2.0 

4.0 

HC4052 

6.0 

-6.0 

0.1 

1.0 

2.0 

HC4053 

6.0 

-6.0 

0.1 

1.0 

2.0 

'on 

Maximum  On-Channel  Leakage 
Current,  Channel  to  Channel 

HC4051 

Vin  =  V|L  or  V|H 

Switch  to  Switch  =  Vcc  -  Vee 

(Figure  51 

6.0 

-6.0 

0.2 

2.0 

4.0 

«A 

HC4052 

6.0 

-6.0 

0.1 

1.0 

2.0 

HC4053 

6.0 

-6.0 

0.1 

1.0 

2.0 

AC  ELECTRICAL  CHARACTERISTICS  ICL^S0  pF.  Input  tr  =  tf  =  6  ns) 


VCC 

Guaranteed  Limit 

Symbol 

Parameter 

2S°C  to 

Unit 

V 

S125°C 

-55°C 

tPLH. 

Maximum  Propagation  Delay,  Channel-Select  to  Analog  Output 

2.0 

370 

465 

550 

ns 

tPHL 

(Figure  9) 

4.5 

74 

93 

110 

6.0 

63 

79 

94 

<PLH. 

Maximum  Propagation  Delay,  Analog  Input  to  Analog  Output 

2.0 

60 

75 

90 

ns 

>PHL 

(Figure  10) 

4.5 

12 

15 

18 

6.0 

10 

13 

15 

tpLZ. 

Maximum  Propagation  Delay,  Enable  to  Analog  Output 

2.0 

290 

364 

430 

ns 

'PHZ 

(Figure  11) 

4.5 

58 

73 

86 

6.0 

49 

62 

73 

*PZL. 

Maximum  Propagation  Delay,  Enable  to  Analog  Output 

2.0 

345 

435 

515 

ns 

tPZH 

(Figure  11) 

4.5 

69 

87 

103 

6.0 

59 

74 

87 

Cin 

Maximum  Input  Capacitance,  Channel-Select  or  Enable  Inputs 

10 

10 

10 

pF 

C|/0 

Maximum  Capacitance         Analog  I/O 

All  Switches  Off 

35 

35 

35 

pF 

Common  O/l:  HC4051 

130 

130 

130 

HC4052 

80 

80 

80 

HC4053 

50 

50 

50 

Feedthrough 

1.0 

1.0 

1.0 

NOTES: 

1.  For  propagation  delays  with  toads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


CPD 

Power  Dissipation  Capacitance  (Per  Package)  (Figure  13) 

Typical  @  2S°C,  VCC  =  5.0  V,  VE£  =  0  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 

PD  =  CPD  VCc2f+lcC  VCC 

45  (HC4051) 

pF 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

80  (HC4052) 

45  (HC4053) 
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MC54/74HC4051* 

ADDITIONAL  APPLICATION  CHARACTERISTICS  (GND  =  0.0V) 


Symbol 

Parameter 

Test  Condition 

vcc 

V 

vee 

V 

Limit* 

Unit 

25°C 
54/74HC 

BW 

Maximum  On-Channel  Bandwidth  or 
Minimum  Frequency  Response 
(Figure  6) 

fin  =  1  MHz  Sine  Wave 
Adjust  fjn  Voltage  to  Obtain  0  dBm  at  Vos 
Increase  f  jn  Frequency  Until  dB  Meter 
Reads  -3  dB 

Kl  =  OU               1U  pp 

2.25 
4.50 
6.00 

-2.25 
-4.50 
—  6.00 

51   52  53 

MHz 

80  95  120 
80  95  120 
80  95  120 

Off-Channel  Feedthrough  Isolation 
(Figure  7) 

f  jn  =  Sine  Wave 

Adjust  fjn  Voltage  to  Obtain  0  dBm  at  V|s 

fin  =  10kHz,  RL  =  600  a,  CL  =  50pF 

fjn  =  1 .0  MHz,  RL  =  50O.  CL=10  pF 

2.25 
4.50 
6.00 

-2.25 
-4.50 
-6.00 

-50 
-50 
-50 

dB 

2.25 
4.50 
6.00 

-2.25 
-4.50 
-6.00 

-40 
-40 
-40 

Feedthrough  Noise,  Channel  Select  Input 

to  Common  O/l 
(Figure  8) 

V|n«1  MHz  Square  Wave 

(tr  =  tf=6  ns) 
Adjust  Rl  at  Setup  so  that  Is  =  0  A 
Enable  =  GND 

RL  =  600f!,  CL  =  50pF 
RL=10  kf),  CL=10pF 

2.25 
4.50 
6.00 

-2.25 
-4.50 
—  6.00 

25 
105 
135 

mVpp 

2.25 
4.50 
6.00 

-2.25 
-4.50 
—  6.00 

35 
145 
190 

- 

Crosstalk  Between  Any  Two  Switches 
(Figure  12) 

(Test  does  not  apply  to  HC4051) 

fjn  ■  Sine  Wave 

Adjust  fjn  Voltage  to  Obtain  0  dBm  at  V|s 
fin  =  10kHz,  RL  =  600!i,  CL=50pF 

fjn  =  1  MHz,  RL  =  50i!,  CL  =  10pF 

2.25 
4.50 
6.00 

-2.25 
-4.50 
—  6.00 

-50 
-50 
—  50 

dB 

2.25 
4.50 
6.00 

-2.25 
-4.50 
-6.00 

-60 
-60 
-60 

THD 

Total  Harmonic  Distortion 
(Figure  14) 

fjn=1  kHz,  RL  =  10kQ,  CL  =  50pF 
THD  =  THDMeasured  -  THDSource 

V|s  =  4.0  Vpp  sine  wave 
V|s  =  8.0  Vpp  sine  wave 
V|s  =  11.0  Vpp  sine  wave 

2.25 
4.50 
6.00 

-2.25 
-4.50 
-6.00 

0.10 
0.08 
0.05 

% 

*  Limits  not  tested.  Determined  by  design  and  verified  by  qualification. 
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— -  * 

5°C- 

i°i? 
1- 

-12 

— 

2 

U 

-5 

5°C 

0     0.5    1.0    1.5    2.0    2.5    3.0   3.5    4.0    4.5    5.0    5.5  6.0 
%  INPUT  VOLTAGE  (VOLTS).  REFERENCED  TO  VEE 

Figure  1c.  Typical  On  Resistance.  VCC-Vee  =  6.0  V 


?5 

B 

E 

S  60 
u 

SB 

<r 

«  45 
to 

g  30 


25°C* 

25°C. 
55°C 

0       1.0      2.0      3.0      4.0      5.0      6.0      7.0      8.0  9.0 
V|S,  INPUT  VOLTAGE  (V0LTSI.  REFERENCED  TO  VEE 

Figure  1d.  Typical  On  Resistance.  Vqc-  Vee  =  9  0  v 


70 

|  60 

a  50 

z 

«  40 

UJ 

-  30 

o 

I  20 
or 

10 


1  — 1 

•  *  - 

— 12 

5°C 
5°C" 
5°C- 

0     1.0    2.0    3.0    4.0    5.0    6.0    7.0    8.0    9.0  10.0  11.0  12.0 
V|S.  INPUT  VOLTAGE  (VOLTS) .  REFERENCED  TO  VEE 

Figure  1e.  Typical  On  Resistance.  VCC  -  Vee  =  12.0  V 


PLOTTER 


PROGRAMMABLE 
POWER 
SUPPLY 


MINI  COMPUTER 


DC  ANALYZER 


DEVICE 
UNDER  TEST 


VCC 


GNO*  *VEE 
Figure  2.  On  Resistance  Test  Set-Up 
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Figure  3.  Maximum  Off  Channel  Leakage  Current,  Figure  4.  Maximum  Off  Channel  Leakage  Current, 

Any  One  Channel,  Test  Set-Up  Common  Channel,  Test  Set-Up 


Figure  5.  Maximum  On  Channel  Leakage  Current, 
Channel  to  Channel,  Test  Set-Up 


*lncludes  all  probe  and  jig  capacitance. 

Figure  6.  Maximum  On-Channel  Bandwidth, 
Test  Set-Up 


V|L  or  V|H 


*lncludes  all  probe  and  jig  capacitance. 

Figure  7.  Off-Channel  Feedthrough  Isolation. 
Test  Set-Up 


•Includes  all  probe  and  jig  capacitance. 
Figure  8.  Feedthrough  Noise,  Channel  Select  to 
Common  Out,  Test  Set-Up 
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MC54/74HC4051" 


CHANNEL  SELECT 


iELECT  ^50% 
'PLH  H      H    « 


•vCc 


.  GNO 


ANALOG  OUT 


■  'PHI 


Figure  9a.  Propagation  Delays, 
Channel  Select  to  Analog  Out 


_n_n_ 


*  Includes  all  probe  and  jig  capacitance. 

Figure  9b.  Propagation  Delay.  Test  Set-Up  Channel 
Select  to  Analog  Out 


ANALOG 


'PLH 
ANALOG  OUT 


IN        ^y^50%  ^ 

'PLH  H  "*  

'                50%T ' 
 ' 


VCC 
•  GND 


"'PHL 


Figure  10a.  Propagation  Delays. 
Analog  In  to  Analog  Out 


J~1_TL 


ANALOG  I/O 


«cc 


COMMON  0/1 


T 


TEST 
'  POINT 


•Includes  ah  probe  and  jig  capacitance. 

Figure  10b.  Propagation  Delay.  Test  Set-Up 
Analog  In  to  Analog  Out 


>  50%Jr 

^-10% 


ANALOG 
OUT 


ANALOG 
OUT 


■  'PZL  'PIZ  " 


"'PZH  'PHZ- 


■vcc 


POSITION  1  WHEN  TESTING  tpHz  AND  tPZH 
POSITION  2  WHEN  TESTING  tPLZ  AND  tPZl 


.HIGH 

' IMPEDANCE 


a-10%   V0L 


90%   V0H 


.HIGH 
IMPEDANCE 


Figure  11a.  Propagation  Delays. 
Enable  to  Analog  Out 


11b.  Propagation  Delay,  Test  Set-Up 
Enable  to  Analog  Out 
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Vis 


'in   1|  V^" 

0.1  yS  RL 


VEE 


•includes  all  probe  and  jig  capacitance. 

Figure  12.  Crosstalk  Between  Any  Two  Switches, 
Test  Set-Up 


_TLTL 


Figure  13.  Power  Dissipation  Capacitance.  Test  Set-Up 


Figure  14a.  Total  Harmonic  Distortion,  Test  Set-Up  Figure  14b.  Plot,  Harmonic  Distortion 
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APPLICATIONS  INFORMATION 


The  Channel  Select  and  Enable  control  pins  should  be  at 
Vcc  or  GND  logic  levels.  Vcc  being  recognized  as  a  logic 
high  and  GND  being  recognized  as  a  logic  low.  In  this  example: 

Vcc  =  +  5  V  =  logic  high 
GND  =  0  V  =  logic  low 

The  maximum  analog  voltage  swings  are  determined  by  the 
supply  voltages  Vcc  and  VEE-  The  positive  peak  analog  volt- 
age should  not  exceed  Vcc-  Similarly,  the  negative  peak  an- 
alog voltage  should  not  go  below  Vee-  In  this  example,  the 
difference  between  Vcc  and  VEE is  ten  volts.  Therefore,  using 
the  configuration  in  Figure  15,  a  maximum  analog  signal  of 


ten  volts  peak-to-peak  can  be  controlled.  Unused  analog  in- 
puts/outputs may  be  left  floating  (i.e.,  not  connected).  How- 
ever, tying  unused  analog  inputs  and  outputs  to  Vcc  or  GND 
through  a  low  value  resistor  helps  minimize  crosstalk  and 
feedthrough  noise  that  may  be  picked-up  by  an  unused  switch. 

Although  used  here,  balanced  supplies  are  not  a  require- 
ment. The  only  constraints  on  the  power  supplies  are  that: 

Vcc  -  GND  =  2  to  6  volts 
V£E-GND  =  0to  -6  volts 
vCC-Vee  =  2  to  12  volts 
and  VeesGND 

When  voltage  transients  above  Vcc  and/or  below  Vee  are 
anticipated  on  the  analog  channels,  external  Germanium 
or  Schottky  diodes  (Dx)  are  recommended  as  shown  in 
Figure  16.  These  diodes  should  be  able  to  absorb  the  maximum 
anticipated  current  surges  during  clipping. 


-5V  — 


— +  5  V 


 5V 


TO  EXTERNAL 
CMOS  CIRCUITRY 
0  TO  5  V  DIGITAL 
SIGNALS 


Ox  l  'i 


D„ik 


«CC 


vee 


ON  (OFF 


vee 


vcc 
JEo, 


Figure  15.  Application  Example 


Figure  16.  External  Germanium  or  Schottky 
Clipping  Diodes 


a.  Using  Pull-Up  Resistors  b.  Using  HCT  Interface 


Figure  17.  Interfacing  LSTTL/NMOS  to  CMOS  Inputs 
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A  — 


FUNCTION  DIAGRAM.  HC4051 
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FUNCTION  DIAGRAM.  HC4052 
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FUNCTION  DIAGRAM,  HC4053 
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SEMICONDUCTOR  ■ 

TECHNICAL  DATA 


1 4-Stage  Binary  Ripple  Counter 
with  Oscillator 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC4060  is  identical  in  pinout  to  the  standard  CMOS  MC14060B  The 
device  inputs  are  compatible  with  standard  CMOS  outputs;  with  pullup  resistors, 
they  are  compatible  with  LSTTL  outputs. 

This  device  consists  of  14  master-slave  flip-flops  and  an  oscillator  with  a  fre- 
quency that  is  controlled  either  by  a  crystal  or  by  an  RC  circuit  connected  exter- 
nally. The  output  of  each  flip-flop  feeds  the  next,  and  the  frequency  at  each  output 
is  half  that  of  the  preceding  one.  The  state  of  the  counter  advances  on  the 
negative-going  edge  of  Osc  In.  The  active-high  Reset  is  asynchronous  and  disables 
the  oscillator  to  allow  very  low  power  consumption  during  standby  operation. 

State  changes  of  the  Q  outputs  do  not  occur  simultaneously  because  of  internal 
ripple  delays.  Therefore,  decoded  output  signals  are  subject  to  decoding  spikes  and 
may  need  to  be  gated  with  Osc  Out  2  of  the  HC4060. 

•  Output  Drive  Capability:  10  LSTTL  Loads 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1  fiA 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  390  FETs  or  97,5  Equivalent  Gates 


LOGIC  DIAGRAM 


Osc  Out  1    Osc  Out  2 


Osc  In  - 


Ito  |9 

7 
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11 
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6 
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-Q4 
-05 
-Q6 
-Q7 
-Q8 
-Q9 
-Q10 
-Q12 
-Q13 
-014 


MC54/74HC4060 


J0h 

1 

J  SUFFIX 
CERAMIC 
CASE  620 

N  SUFFIX 
PLASTIC 
CASE  648 

1"* 

D  SUFFIX 

SOIC 
CASE  751 

ORDERING  INFORMATION 

MC74HCXXXXN 
MC54HCXXXXJ 
MC74HCXXXXD 

Plastic 

Ceramic 

SOIC 

TA  =  -  55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 

PIN  ASSIGNMENT 


0.12  M  • 

Q13[  2 


Q14[  3 
Q6[  4 
Q5l  5 
071  6 
Q4I  7 
GND[  8 


ivCc 

IQ10 

]Q8 

IQ9 


12  1  Reset 
11  ]0sc  In 
10  I  Osc  Out  1 
9  I  Osc  Out  2 


FUNCTION  TABLE 


Osc  In 

Reset 

Output  State 

L 

No  Change 

L 

Advance  to  next  state 

X 

H 

All  Outputs  are  low 

12 


Pin  16  =  Vqc 
Pin  8=GN0 
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MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

-0.5  to  +7.0 

V 

Vjn 

DC  Input  Voltage  (Referenced  to  GND) 

-1.5  to  Vcc+1-5 

V 

Vout 

DC  Output  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc  +  0.5 

V 

'in 

DC  Input  Current,  per  Pin 

+  20 

mA 

'out 

DC  Output  Current,  per  Pin 

±25 

mA 

ice 

DC  Supply  Current,  Vcc  and  GND  Pins 

±50 

mA 

PD 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tstq 

Storage  Temperature 

-65  to  +150 

°C 

TL 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°C 

*  Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
tDerating  -  Plastic  DIP:  -  10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjn  and 
Vout  should  be  constrained  to  the 
range  GND  <  (Vjn  or  Vout)<VCC- 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  Vcc).  Unused 
outputs  must  be  left  open. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

2.5** 

6.0 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

vcc 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

tp  tf 

Input  Rise  and  Fall  Time                          Vcc  =2.0  V 
(Figure  11                                              Vcc  =  4.5V 

VCC  =  6.0  V 

0 
0 

0 

1000 
500 
400 

ns 

*The  oscillator  is  guaranteed  to  function  at  2.5  V  minimum.  However,  parametrics  are  tested  at 
2.0  V  by  driving  Pin  11  with  an  external  clock  source. 


DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 


VCC 
V 

Guaranteed  Limit 

Symbol 

Parameter 

Test  Conditions 

25°C  to 
-55°C 

s85°C 

<125°C 

Unit 

V|H 

Minimum  High-Level  Input 
Voltage 

Vout  =  0.1  V  or  VCc- 
|lout|s20^A 

-0.1  V 

2.0 
4.5 
6.0 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

V 

V|L 

Maximum  Low-Level  Input 
Voltage 

Vout  =  0.1  Vor  VCC- 
|lou,|<20  „A 

-0.1  V 

2.0 
4.5 
6.0 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

V 

VOH 

Minimum  High-Level  Output 
Voltage  IQ4-Q10,  Q12-Q14I 

Vin  =  V|HorV|L 
|loutl£20„A 

2.0 
4.5 
6.0 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

V 

Vin  =  V|H  or  % 

|lout|s4.0  mA 
|lout|s5.2  mA 

4.5 
6.0 

3.98 
5.48 

3.84 
5.34 

3.70 
5.20 

vol 

Maximum  Low-Level  Output 
Voltage  IQ4-Q10,  Q12-Q14) 

vin=V|H  or  V|L 
|lOut|s20,.A 

2.0 
4.5 
6.0 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

V 

Vin  =  V|H  or  V|L 

|lout|s4.0  mA 
|lout|<5.2  mA 

4.5 
6.0 

0.26 
0.26 

0.33 
0.33 

0.40 
0.40 
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DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND)  (Continued) 


vcc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

Test  Conditions 

25°C  to 
-55°C 

<88°C 

<12S°C 

Unit 

VOH 

Minimum  High-Level  Output 
Voltage  (Osc  Out  1,  Osc  Out  2) 

Vin  =  VcC  or  GND 
|lout|  <20  pA 

2.0 
4.5 
6.0 

1.9 
4  4 
5.9 

1.9 
4  4 

5.9 

1.9 
4  4 

5.9 

V 

Vin  =  VcC°'  GND 

|lou,|<1.0  mA 
jlout|<1.3  mA 

4.5 
6.0 

3.98 
5.48 

3.84 
5.34 

3.70 
5.20 

vol 

Maximum  Low-Level  Output 
Voltage  (Osc  Out  1.  Osc  Out  21 

Vin  =  VCCor  GND 
|loutls20^A 

2.0 
4.5 
6.0 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

V 

Vin  =  vcc  or  GND 

|lout|s1.0  mA 
|lout|<1.3  mA 

4.5 

6.0 

0.26 
0.26 

0.33 
0.33 

0.40 
0.40 

'in 

Maximum  Input  Leakage  Current 

Vin  =  VCG  or  GND 

6.0 

±0.1 

±10 

±1.0 

tec 

Maximum  Quiescent  Supply 
Current  (per  Package) 

Vin  =  VcC  °'  GND 
lOut  =  0>A 

6.0 

8 

80 

160 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 


AC  ELECTRICAL  CHARACTERISTICS  iCL  =  50  pF,  Input  t,  =  tf  =  6  nsl 


vcc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

25°C  to 

£85°C 

£125°C 

Unit 

-55°C 

fmax 

Maximum  Clock  Frequency  (50%  Duty  Cycle) 

2.0 

5.0 

4.0 

3.4 

MHz 

(Figures  1  and  4) 

4.5 

25 

20 

17 

6.0 

29 

24 

20 

'PLH. 

Maximum  Propagation  Delay,  Osc  In  to  Q4* 
(Figures  1  and  4) 

2.0 

530 

665 

795 

ns 

IPHL 

4.5 

106 

133 

159 

6.0 

91 

114 

135 

'PLH. 

Maximum  Propagation  Delay.  Osc  In  to  Q14* 

2.0 

1600 

2000 

2400 

ns 

'PHL 

(Figures  1  and  4) 

4.5 

320 

400 

480 

6.0 

272 

344 

408 

'PHL 

Maximum  Propagation  Delay,  Reset  to  Any  Q 

2.0 

240 

300 

360 

ns 

(Figures  2  and  4) 

4.5 

48 

60 

72 

6.0 

41 

51 

61 

'PLH. 

Maximum  Propagation  Delay,  QN  to  QN  + 1 

2.0 

125 

155 

190 

ns 

'PHL 

(Figures  3  and  4) 

4.5 

25 

31 

38 

6.0 

21 

26 

32 

•tlh. 

Maximum  Output  Transition  Time,  Any  Output 

2.0 

75 

95 

110 

ns 

'THL 

(Figures  1  and  4) 

4.5 

15 

19 

22 

6.0 

13 

16 

19 

Cin 

Maximum  Input  Capacitance 



10 

10 

10 

NOTES: 

1.  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 

*For  Ta  =  25°C  and  C|_  =  50  pF,  typical  propagation  delay  from  Osc  In  to  other  Q  outputs  may  be  calculated  with  the  following  equations: 
Vcc  =  2.0  V:  tp=l205+107.5(N-1)J  ns 
VCc  =  4.5  V;  tp=|41  +21. SIN -1)1  ns 
VCC  =  6.0  V:  tp  =  [35+18.3(N-1)l  ns 


CPD 

Power  Diss,pa,ion  Capacitance  (Per  Package. 

Typical  @  25°C.  Vcc  =  5.0  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 
PD  =  CPD  Vcc2f  +  ICC  VCC 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

35 

PF 

■ 
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TIMING  REQUIREMENTS  (Input  tf  =  tf  =  6  nsl 


vcc 

Guaranteed  Limit 

Symbol 

Parameter 

25°C  to 

Unit 

V 

-55T 

<85°C 

s125°C 

Vec 

Minimum  Recovery  Time,  Reset  Inactive  to  Osc  In* 

2.0 

100 

125 

150 

ns 

(Figure  2) 

20 

25 

30 

6  0 

17 

21 

26 

»w 

Minimum  Pulse  Width,  Osc  In 

2.0 

80 

100 

120 

ns 

(Figure  1) 

4.5 

16 

20 

24 

6.0 

14 

17 

20 

«w 

Minimum  Pulse  Width,  Reset 

2.0 

80 

100 

120 

ns 

(Figure  2) 

4.6 

16 

20 

24 

6.0 

14 

17 

20 

«r.  tf 

Maximum  Input  Rise  and  Fall  Times 

2.0 

1000 

1000 

1000 

ns 

(Figure  1) 

4.5 

500 

500 

500 

6.0 

400 

400 

400 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
*Osc  In  driven  with  external  clock. 


PIN  DESCRIPTIONS 


INPUTS 

OSC  IN  (PIN  111  —  Negative-edge  triggering  clock  input. 
A  high-to-low  transition  on  this  input  advances  the  state  of 
the  counter.  Osc  In  may  be  driven  by  an  external  clock  source. 

RESET  (PIN  121  -  Active-high  reset.  A  high  level  applied 
to  this  input  asynchronously  resets  the  counter  to  its  zero  state 
(forcing  all  Q  outputs  low)  and  disables  the  oscillator. 

OUTPUTS 

Q4-Q10,  Q12-Q14  (PINS  7,  5,  4,  6,  14,  13,  15,  1,  2,  3)  - 

Active-high  outputs.  Each  QN  output  divides  the  oscillator 


frequency  by  2N.  The  user  should  note  that  Q1 ,  Q2,  Q3,  and 
Q11  are  not  available  as  outputs. 

OSC  OUT  1 ,  OSC  OUT  2  (PINS  10,  9)  -  Oscillator  outputs. 
These  pins  are  used  in  conjunction  with  Osc  In  and  the  external 
components  to  form  an  oscillator.  (See  Figures  4  and  5) .  When 
Osc  In  is  being  driven  with  an  external  clock  source,  Osc 
Out  1  and  Osc  Out  2  must  be  left  open  circuited.  With  the 
crystal  oscillator  configuration  in  Figure  6,  Osc  Out  2  must  be 
left  open  circuited. 


SWITCHING  WAVEFORMS 


FIGURE  1 


FIGURE  2 


 4  90%  *  

Osc  In         \50%  / 


—  tw  » 

<  1/1 


max  

tPLH  IPHL- 


'PHL- 


V  50% 


■ITLH  tTHL— > 
FIGURE  3 


It 


—  vcc 

  GND 


Osc  In 


50%' 


FIGURE  4  -  TEST  CIRCUIT 


1PLH 

O.N+1  50%. 


—JT~Z. 

-W  'PHL  K— 

*> — 


vcc 

GND 


=T=CL* 


*  Includes  all  probe  and  |ig  capacitance 
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EXPANDED  LOGIC  DIAGRAM 


-£^»-C>c  Q-- 


OscOut2 


Oscln 


Reset 


-G>C  Q 





C>C  0 


>C      Q  D  >C      Q  3  >C     Q>-->C  Q 


C  >C  Q 


0>C  Q 


Q6=Pin4 
Q7=Pm6 
Q8=  Pin  14 
Q9=Pin  13 


Q10=Pin  15 

Vcc=Pin  16 
GND=  Pin  8 


>C  Q 
R 

E 


0>C  Q 


Reset 


Osc  In 


FIGURE  5  -  OSCILLATOR  CIRCUIT  USING  RC  CONFIGURATION 


Osc  Out  1 


Rs 


10  Osc  Out  2 

'  Rtc 


Ctc 


For  2.0  V<VCC^6.0  V 
10  Rtc>Rs>2  Rtc 
400  Hz<f<400  kHz: 


,s=  TZ — F —    'f  in  Hz-  Rtc  in  ohms,  Ctc  in  farads! 
i  HtcLtc 

The  formula  may  vary  for  other  frequencies. 
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FIGURE  6  -  PIERCE  CRYSTAL  OSCILLATOR  CIRCUIT 


Osc  In 


Rf 


'HQ!— J-  VW- 

~?  -x  C 1  C2 


Osc  Out  1    9  Osc  Out  2 


TABLE  1  -  CRYSTAL  OSCILLATOR 
AMPLIFIER  SPECIFICATIONS 

TA  =  25°C  llnput=  Pin  11,  Output=Pin  10) 


Type 

Positive  Reactance  (Pierce) 

Input  Resistance.  Rjn 

60  Mil  minimum 

Output  Impedance,  ZQU\ 

(4.5  V  supply) 

200  ft  (see  text) 

Input  Capacitance,  Cjn 

5  pF  typical 

Output  Capacitance,  CQU\ 

7  pF  typical 

Series  Capacitance,  Ca 

5  pF  typical 

'3  Vdc  supply 

5.0  expected  minimum 

Open  loop  voltage 

4  Vdc  supply 

4.0  expected  minimum 

gain  with  output  at 

5  Vdc  supply 

3  3  expected  minimum 

full  swing,  a 

Q  Vdc  supply 

3.1  expected  minimum 

PIERCE  CRYSTAL  OSCILLATOR  DESIGN 

FIGURE  7  -  EQUIVALENT  CRYSTAL  NETWORKS 


Rs 


LS 


o— ifjl— o  = 


1 


1 


Xe 


Co 


Values  are  supplied  by  crystal  manufacturer  (parallel  resonant  crystal). 


FIGURE  8  -  SERIES  EQUIVALENT  CRYSTAL  LOAD  FIGURE  9  -  PARASITIC  CAPACITANCES 

OF  THE  AMPLIFIER 


NOTE:  C  =  C1+Cin  and  R  =  R1  +  R0ut.  CG  is  considered  as  part  of  the 
load.  Ca  and  Rf  typically  have  minimal  effect  below  2  MHz. 
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DESIGN  PROCEDURES 

The  following  procedure  applies  for  oscillators  operating  below  2  MHz  where  Z  is  a  resistor  R1.  Above  2  MHz,  additional 
impedance  elements  should  be  considered:  Cout  and  Ca  of  the  amp,  feedback  resistor  Rf,  and  amplifier  phase  shift  error  from 
180°. 

Step  1:  Calculate  the  equivalent  series  circuit  of  the  crystal  at  the  frequency  of  oscillation. 
-jXCo  <Rs  +  iXLs-jXCs) 

Ze~-ixCo  +  Rs+ixLs-jxCs-Re+|Xe 

Reactance  jXe  should  be  positive,  indicating  that  the  crystal  is  operating  as  an  inductive  reactance  at  the  oscillation  frequency. 
The  maximum  Rs  for  the  crystal  should  be  used  in  the  equation. 


Step  2:  Determine  0,  the  attenuation,  of  the  feedback  network.  For  a  closed-loop  gain  of  2,A„/3  =  2,/3  =  2/A„  where  A„  is  the 
gain  of  the  HC4060  amplifier. 

Step  3:  Determine  the  manufacturer's  loading  capacitance.  For  example:  A  manufacturer  may  specify  an  external  load  capacitance 
of  32  pF  at  the  required  frequency. 

Step  4:  Determine  the  required  Q  of  the  system,  and  calculate  R|0ad'  F°r  example,  a  manufacturer  specifies  a  crystal  Q  of 
100,000.  In-circuit  Q  is  arbitrarily  set  at  20%  below  crystal  Q  or  80,000.  Then  R|oad  =  (27rf0Ls/Q)  -  Rs  where  Ls  and  Rs  are  crystal 
parameters. 

Step  5:  Simultaneously  solve,  using  a  computer, 

g  =  R.Re  +  XC2  IXe-Xcl  'W'th  ,eedback  phase  sh,f,=  180°'  111 
ReXc2 

Xe  =  Xc2  +  Xc-l  p — =*Qoad  'wnere  ,ne  loading  capacitor  is  an  external  load,  not  including  Co)  (21 


R  _  RXc0XC2i'Xc  +  XC2"XC  +  XCo)  -  XCIXC  +  XCn  +  XC2>] 
'°ad  X2C2(XC  +  XCo)2+  R2(XC  +  XCo  +  XC2l2 


(3) 


Here  R  =  Rout  +  R1 .  Rout  is  amp  output  resistance,  R1  is  Z.  The  C  corresponding  to  Xc  is  given  by  C  =  CI  +  Cjn- 

Alternately,  pick  a  value  for  R1  (i.e.  let  R1  =  RSI.  Solve  Equations  1  and  2  for  C1  and  C2.  Use  Equation  3  and  the  fact  that 
Q  =  2irf0Ls/(Rs  +  R|oad'  10  ''"d  in-circuit  Q.  If  Q  is  not  satisfactory  pick  another  value  for  R1  and  repeat  the  procedure. 


CHOOSING  R1 

Power  is  dissipated  in  the  effective  series  resistance  of  the 
crystal.  The  drive  level  specified  by  the  crystal  manufacturer 
is  the  maximum  stress  that  a  crystal  can  withstand  without 
damage  or  excessive  shift  in  frequency.  R1  limits  the  drive 
level. 

To  verify  that  the  maximum  dc  supply  voltage  does  not 
overdrive  the  crystal,  monitor  the  output  frequency  as  a 
function  of  voltage  at  Osc  Out  2  (Pin  9).  The  frequency 
should  increase  very  slightly  as  the  dc  supply  voltage  is  in- 
creased. An  overdriven  crystal  will  decrease  in  frequency  or 
become  unstable  with  an  increase  in  supply  voltage.  The 
operating  supply  voltage  must  be  reduced  or  R1  must  be  in- 
creased in  value  if  the  overdriven  condition  exists.  The  user 
should  note  that  the  oscillator  start-up  time  is  proportional  to 
the  value  of  R1. 

SELECTING  Rf 

The  feedback  resistor,  Rf,  typically  ranges  up  to  20  MO.  Rf 
determines  the  gain  and  bandwidth  of  the  amplifier.  Proper 
bandwidth  insures  oscillation  at  the  correct  frequency  plus 
roll-off  to  minimize  gain  at  undesirable  frequencies,  such  as 
the  first  overtone.  Rf  must  be  large  enough  so  as  to  not  af- 
fect the  phase  of  the  feedback  network  in  an  appreciable 
manner. 
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Advance  Information 

Quad  Analog  Switch/ 

Multiplexer/Demultiplexer 

High-Performance  Silicon-Gate  CMOS 


The  MC54/74HC4066  utilizes  silicon-gate  CMOS  technology  to  achieve  fast  prop- 
agation delays,  low  ON  resistances,  and  low  OFF-channel  leakage  current.  This  bi- 
lateral switch/multiplexer/demultiplexer  controls  analog  and  digital  voltages  that 
may  vary  across  the  full  power-supply  range  (from  Vcc  ,0  GND). 

The  HC4066  is  identical  in  pinout  to  the  metal-gate  CMOS  MC14016  and 
MC14066.  Each  device  has  four  independent  switches.  The  device  has  been  de- 
signed so  that  the  ON  resistances  (Ron'  are  much  more  linear  over  input  voltage 
than  Ron  of  metal-gate  CMOS  analog  switches. 

This  device  is  identical  in  both  function  and  pinout  to  the  HC4016.  The  ON/OFF 
control  inputs  are  compatible  with  standard  CMOS  outputs;  with  pullup  resistors, 
they  are  compatible  with  LSTTL  outputs.  For  analog  switches  with  voltage-level 
translators,  see  the  HC4316. 

•  Fast  Switching  and  Propagation  Speeds 

•  High  ON/OFF  Output  Voltage  Ratio 

•  Low  Crosstalk  Between  Switches 

•  Diode  Protection  on  All  Inputs/Outputs 

•  Wide  Power-Supply  Voltage  Range  (Vcc-  GND)  =  2.0  to  12.0  Volts 

•  Analog  Input  Voltage  Range  (  Vqc  -  GND)  =  2.0  to  12.0  Volts 

•  Improved  Linearity  and  Lower  ON  Resistance  over  Input  Voltage  than  the 

MC14016  or  MC14066  or  HC4016 

•  Low  Noise 

•  Chip  Complexity:  44  FETs  or  1 1  Equivalent  Gates 


LOGIC  DIAGRAM 
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ANALOG  INPUTSIOUTPUTS  =  XA,  XB,  XC,  XD 
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ORDERING  INFORMATION 

MC74HCXXXXN  Plastic 
MC54HCXXXXJ  Ceramic 
MC74HCXXXXD  SOIC 

Ta=  -55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 


PIN  ASSIGNMENT 
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FUNCTION  TABLE 


On/Off  Control 

State  of 

Input 

Analog  Switch 

L 

Off 

H 

On 

This  document  contains  information  on  a  new  product.  Specifications  and  information  herein  are  subject  to  change  without  notice. 
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MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

vcc 

Positive  DC  Supply  Voltage  (Referenced  to  GND) 

-0.5  to  +14.0 

V 

vis 

Analog  Input  Voltage  (Referenced  to  GND) 

-0.5  to  Vrjc +  0.5 

V 

Vin 

Digital  Input  Voltage  (Referenced  to  GND) 

-  1.5  to  Vcc  +  1-5 

V 

1 

DC  Current  Into  or  Out  of  Any  Pin 

±25 

mA 

PD 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tstfl 

Storage  Temperature 

-65  to  +  150 

°C 

TL 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°C 

*Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
TDerating  -  Plastic  DIP:  -10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltages  higher  than  the  maximum 
rated  voltages  to  this  high- 
impedance  circuit.  For  proper 
operation,  Vjn  and  Vout  should  be 
constrained  to  the  range  GND  <  (Vjn 
or  V0ut)  ^  VCC- 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  level  (e.g., 
either  GND  or  Vcc>-  Unused  outputs 
must  be  left  open.  I/O  pins  must  be 
connected  to  a  properly  terminated 
line  or  bus.  See  Chapter  4  subject 
listing  on  page  4-2. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

VCC 

Positive  DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

12.0 

V 

V|S 

Analog  Input  Voltage  (Referenced  to  GND) 

GND 

VCC 

V 

Vin 

Digital  Input  Voltage  (Referenced  to  GND) 

GND 

vcc 

V 

V|0* 

Static  or  Dynamic  Voltage  Across  Switch 

1.2 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

'r.  «f 

Input  Rise  and  Fall  Time,  ON/OFF  Control 
Inputs  (Figure  10) 

Vcc  =  2.0  v 
Vcc  =  4-5  v 
VCC  =  9  0  V 
VCC=12  0  V 

0 
0 
0 
0 

1000 
500 
400 
250 

ns 

*For  voltage  drops  across  the  switch  greater  than  1.2  V  (switch  on),  excessive  Vcc  current  may  be 
drawn;  i.e.,  the  current  out  of  the  switch  may  contain  both  Vcc  ar,d  sw'tcn  input  components,  The 
reliability  of  the  device  will  be  unaffected  unless  the  Maximum  Ratings  are  exceeded. 


DC  ELECTRICAL  CHARACTERISTICS  Digital  Section  (Voltages  Referenced  to  GND) 


vCc 

Guaranteed  Limit 

Symbol 

Parameter 

Test  Conditions 

26°C  to 

Unit 

V 

<85°C 

<125°C 

-55°C 

V|H 

Minimum  High-Level  Voltage 

Ron  =  Per  sPec 

2.0 

1.5 

1.5 

1.5 

V 

ON/OFF  Control  Inputs 

4.5 

3.15 

3.15 

3.15 

9.0 

6.3 

6.3 

6.3 

12.0 

8.4 

8.4 

8.4 

V|L 

Maximum  Low-Level  Voltage 

Ron  =  Per  Spec 

2.0 

0.3 

0.3 

0.3 

V 

ON/OFF  Control  Inputs 

4.5 

0.9 

0.9 

0.9 

9.0 

1.8 

1.8 

1.8 

12.0 

2.4 

2.4 

2.4 

'in 

Maximum  Input  Leakage  Current, 

Vin  =  VCc  or  GND 

12.0 

±0.1 

±1.0 

±1.0 

fA 

ON/OFF  Control  Inputs 

'CC 

Maximum  Quiescent  Supply 

Vin  =  VCcorGND 

6.0 

2 

20 

40 

Current  (per  Package) 

V|O  =  0V 

12.0 

8 

80 

160 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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DC  ELECTRICAL  CHARACTERISTICS  Analog  Section  (Voltages  Referenced  to  GND) 


vcc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

Test  Conditions 

25°C  to 
-55°C 

<85°C 

<125°C 

Unit 

Ron 

Maximum  "ON"  Resistance 

Vin  =  V|H 

VIS  =  VCC  ,0  GND 
ISS2.0  mA  (Figures  1,  21 

2.0t 
4.5 
9.0 
12.0 

170 
85 
85 

215 
106 
106 

255 
130 
130 

a 

Vin  =  V|H 

V|s  =  Vcc  or  GND  (Endpoints) 
ISS2.0  mA  (Figures  1,  21 

2.0 
4.5 
9.0 
12.0 

85 
63 
63 

106 
78 
78 

130 
95 
95 

ARon 

Maximum  Difference  in  "ON" 
Channels  in  the  Same  Package 

Vin  =  V|H 

V|S  =  1/2(Vcc-GND) 
ISS2.0  mA 

2.0 
4.5 
9.0 
12.0 

30 
20 
20 

35 
25 
25 

40 

30 
30 

Q 

'off 

Maximum  Off-Channel  Leakage 
Current,  Any  One  Channel 

Vin  =  V|L 

V|Q  =  Vcc  or  GND 
Switch  Off  (Figure  31 

12.0 

0.1 

0.5 

1.0 

„A 

'on 

Maximum  On-Channel  Leakage 
Current,  Any  One  Channel 

Vin  =  V|H 

V|s  =  Vcc  or  GND 
(Figure  4) 

12.0 

0.1 

0.5 

1.0 

tAt  supply  voltage  (Vcc  ~  VEE*  approaching  2  V  the  analog  switch-on  resistance  becomes  extremely  non-linear.  Therefore,  for  low-voltage 
operation,  it  is  recommended  that  these  devices  only  be  used  to  control  digital  signals. 
NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 


AC  ELECTRICAL  CHARACTERISTICS  (CL  =  50  pF,  ON/OFF  Control  Inputs:  tr ~ tf  =  6  ns, 


Symbol 


vCc 

V 


Guaranteed  Limit 


«PLH. 
tPHL 


Maximum 
(Figures 


Propagation  Delay,  Analog  Input  to  Analog  Output 
8  and  9) 


2.0 
4.5 
9.0 
12.0 


50 
10 
10 
10 


65 
13 
13 
13 


75 
15 
15 
15 


tpLZ. 
•PHZ 


Maximum 
(Figures 


Propagation  Delay,  ON/OFF  Control  to  Analog  Output 
10  and  11) 


2.0 
4.5 
9.0 
12.0 


150 
30 
30 
30 


190 
38 
30 
30 


225 
45 
30 
30 


tPZb 
'PZH 


Maximum  Propagation  Delay,  ON/OFF  Control  to  Analog  Output 
(Figures  10  and  11) 


2.0 
4.5 
9.0 
12.0 


125 
25 
25 
25 


160 
32 
32 
32 


185 

37 
37 
37 


Capacitance 


ON/OFF  Control  Input 
Control  Inputs  GND 
Analog  I/O 




with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 
I  parametric  values  can  be  found  in  Chapter  4. 


35 
1.0 


35 
1.0 


35 
1.0 


CPD 

Power  Dissipation  Capacitance  (Per  Switch)  (Figure  13) 

Typical  @  25°C,  VCC=SO  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 

PO  =  CPD  Vcc2f+(CC  VCC 

15 

PF 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 
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ADDITIONAL  APPLICATION  CHARACTERISTICS  [Voltages  Referenced  to  GND  Unless  Noted) 


Symbol 

Parameter 

Test  Conditions 

vcc 

V 

Limit* 
25°C 
54/74HC 

Unit 

BW 

Maximum  On-Channel  Bandwidth  or 
Minimum  Frequency  Response 
(Figure  5) 

fin  =  1  MHz  Sine  Wave 
Adjust  f,n  Voltage  to  Obtain  0  dBm  at  Vqs 
Increase  fjn  Frequency  Until  dB  Meter  Reads  -3  dB 
RL  =  50  SI,  CL  =  10  pF 

4.5 
9.0 
12.0 

150 
160 
160 

MHz 

- 

Off-Channel  Feedthrough  Isolation 
(Figure  6) 

f  jn  =  Sine  Wave 

Adjust  fjn  Voltage  to  Obtain  0  dBm  at  V|s 

fin  =  10kHz.  RL  =  eoon.  CL  =  50pF 
fin  =  1.0MHz,  RL  =  50fl,  CL  =  10  pF 

4.5 
9.0 
12.0 

-50 
-50 
-50 

dB 

4.5 
9.0 
12.0 

-40 
-40 
-40 

- 

Feedthrough  Noise,  Control  to 
Switch 
(Figure  7) 

Vjns1  MHz  Square  Wave  ltr  =  tf  =  6  ns) 

Adjust  Rl  at  Setup  so  that  l$  =  0  A 

RL  =  6O0  !),  CL  =  50  pF 
RL  =  10  kQ,  CL=10  pF 

4.5 
9.0 
12.0 

60 
130 
200 

mVpp 

4.5 
9.0 
12.0 

30 
65 
100 

- 

Crosstalk  Between  Any  Two  Switches 
(Figure  12) 

fjn "Sine  Wave 

Adjust  fin  Voltage  to  Obtain  0  dBm  at  V|s 

fjn  =  10  kHz,  RL  =  600  a,  CL  =  50  pF 
fin  =  1 .0  MHz,  RL  =  50  fi,  CL  =  10  pF 

4.5 
9.0 
12.0 

-70 
-70 
-70 

dB 

4.5 

9.0 
12.0 

-80 
-80 
-80 

THD 

Total  Harmonic  Distortion 
(Figure  14) 

fin  =  1  kHz,  RL  =  10  k!l,  CL  =  50  pF 

THD  =  THDMeasured  "  THDSource 

V|S=4.0  Vpp  sine  wave 
V|S  =  8.0  Vpp  sine  wave 
V|s  =  1 1 .0  Vpp  sine  wave 

4.5 
9.0 
12.0 

0.10 
0.06 
0.04 

% 

*Guaranteed  limits  not  tested.  Determined  by  design  and  verified  by  qualification. 
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Figure  2.  On  Resistance  Test  Set-Up 
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Figure  3.  Maximum  Off  Channel  Leakage  Current.  Figure  4.  Maximum  On  Channel  Leakage  Current, 

Any  One  Channel.  Test  Set-Up  Test  Set-Up 
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Figure  5.  Maximum  On-Channel  Bandwidth 
Test  Set-Up 
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Figure  6.  Off-Channel  Feedthrough  Isolation. 
Test  Set-Up 
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Figure  7.  Feedthrough  Noise,  ON/OFF  Control  to 
Analog  Out,  Test  Set-Up 


Figure  8.  Propagation  Delays,  Analog  In  to  Analog  Out 
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Figure  9.  Propagation  Delay  Test  Set-Up 
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Figure  10.  Propagation  Delay,  ON/OFF  Control 
to  Analog  Out 
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Figure  11.  Propagation  Delay  Test  Set-Up 
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Figure  12.  Crosstalk  Between  Any  Two  Switches. 
Test  Set-Up 
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Figure  13.  Power  Dissipation  Capacitance  Test  Set-Up 
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Figure  14.  Total  Harmonic  Distortion,  Test  Set-Up 


- 


MOTOROLA  HIGH-SPEED  CMOS  LOGIC  DATA 

5-560 


MC54/74HC4066 
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FREQUENCY  (kH;l 

Figure  15.  Plot,  Harmonic  Distortion 


APPLICATION  INFORMATION 

The  ON/OFF  Control  pins  should  be  at  Vcc  or  GND  l°9ic 
levels,  Vcc  being  recognized  as  logic  high  and  GND  being 
recognized  as  a  logic  low.  Unused  analog  inputs/outputs  may 
be  left  floating  (not  connected).  However,  it  is  advisable  to 
tie  unused  analog  inputs  and  outputs  to  Vcc  or  GND  through 
a  low  value  resistor.  This  minimizes  crosstalk  and  feedthrough 
noise  that  may  be  picked-up  by  the  unused  I/O  pins. 

The  maximum  analog  voltage  swings  are  determined  by  the 
supply  voltages  Vcc  and  GND.  The  positive  peak  analog  volt- 
age should  not  exceed  Vcc-  Similarly,  the  negative  peak  an- 
alog voltage  should  not  go  below  GND.  In  the  example  below, 


the  difference  between  Vcc  and  GND  is  twelve  volts.  There- 
fore, using  the  configuration  in  Figure  16,  a  maximum  analog 
signal  of  twelve  volts  peak-to-peak  can  be  controlled. 

When  voltage  transients  above  Vcc  and/or  below  GND  are 
anticipated  on  the  analog  channels,  external  diodes  (Dxl  are 
recommended  as  shown  in  Figure  17.  These  diodes  should  be 
small  signal,  fast  turn-on  types  able  to  absorb  the  maximum 
anticipated  current  surges  during  clipping.  An  alternate 
method  would  be  to  replace  the  Dx  diodes  with  MO»sorbs 
(Motorola  high  current  surge  protectors).  MOsorbs  are  fast 
turn-on  devices  ideally  suited  for  precise  DC  protection  with 
no  inherent  wear  out  mechanism. 
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Figure  16.  12  V  Application 
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Figure  17.  Transient  Suppressor  Application 


MOTOROLA  HIGH-SPEED  CMOS  LOGIC  DATA 

5-561 


ANALOG  ('. 
SIGNALS!  


LSTTLI 
NMOS 


X 


R*>R*>R*>R*> 


HC4066 


CONTROL 
INPUTS 


R*  =  2  TO  10  Ml 


) ANALOG 
SIGNALS 


ANALOG 
SIGNALS 


LSTTL/ 
NMOS 


X 


I  HCT 

I  fsjJUFFER  1 


+3 


i — 

I  14 


T^X>M 


CONTROL 
INPUTS 


X 


a.  Using  Pull-Up  Resistors 


b.  Using  HCT  Buffer 

Figure  18.  LSTTL/NMOS  to  HCMOS  Interface 
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Figure  19.  TTL/NMOS-to-CIVlOS  Level  Converter 
Analog  Signal  Peak-to-Peak  Greater  than  5  V 
(Also  see  HC4316) 
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Figure  20.  4-lnput  Multiplexer 


Figure  21.  Sample/Hold  Amplifier 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL  DATA 


Triple  3-lnput  OR  Gate 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC4075  is  identical  in  pinout  to  the  MC14075B.  The  device  inputs 
are  compatible  with  standard  CMOS  outputs;  with  pullup  resistors,  they  are  com- 
patible with  LSTTL  outputs. 

•  Output  Drive  Capability:  10  LSTTL  Loads 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1  /xA 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  42  FETs  or  10.5  Equivalent  Gates 


LOGIC  DIAGRAM 


V=A+B+C 


MC54/74HC4075 


J  SUFFIX 
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N  SUFFIX 
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D  SUFFIX 
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CASE  7S1A 


ORDERING  INFORMATION 

MC74HCXXXXN  Plastic 
MC54HCXXXXJ  Ceramic 
MC74HCXXXXD  SOIC 

Ta=  -55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 


PIN  ASSIGNMENT 


GN0[ 


PIN  14  =  VCC 
PIN  7  =  GND 


FUNCTION  TABLE 


Inputs 

Output 

A 

B 

C 

Y 

L 

L 

L 

L 

H 

X 

X 

H 

X 

H 

X 

H 

X 

X 

H 

H 

MOTOROLA  HIGH-SPEED  CMOS  LOGIC  DATA 

5-563 


MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

-0.5  to  +7.0 

V 

Vin 

DC  Input  Voltage  (Referenced  to  GND) 

-1.5  to  Vcc  +  15 

V 

Vout 

DC  Output  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc  +0.5 

V 

l,n 

DC  Input  Current,  per  Pin 

±20 

mA 

'out 

DC  Output  Current,  per  Pin 

±25 

mA 

!CC 

DC  Supply  Current,  Vcc  and  GND  Pins 

±50 

mA 

PD 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tstg 

Storage  Temperature 

-65  to  +150 

°C 

TL 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°C 

*  Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
tDerating  -  Plastic  DIP:  -10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -  10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  con 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjn  and 
Vout  should  be  constrained  to  the 
range  GND<(Vin  or  Vout)<VCc- 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  v"cc>-  Unused 
outputs  must  be  left  open. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin-Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

vcc 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

tr,  tf 

Input  Rise  and  Fall  Time                        Vcc  =  2.0  v 
(Figure  1)                                          VCc  =  4.5V 

VCC  =  6.0  V 

0 
0 
0 

1000 
500 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 


Symbol 

Parameter 

Test  Conditions 

vCc 

V 

Guaranteed  Limit 

Unit 

25°  C  to 
-55°C 

<85°C 

<125°C 

V|H 

Minimum  High-Level  Input 
Voltage 

Vout  =  0.1  V  or  VCC-0.1  V 
|lout|<20/1A 

2.0 
4.5 
6.0 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

V 

V|L 

Maximum  Low-Level  Input 
Voltage 

Vou,  =  0.1  Vor  Vcc-0.1  V 
|lout|<20/1A 

2.0 
4.5 
6.0 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

V 

VOH 

Minimum  High-Level  Output 
Voltage 

Vin  =  VIH  or  V|L 
|lout|  <20  iiA 

2.0 
4.5 
6.0 

1.9 
4.4 
5.9 

1.9 
4.4 

5.9 

1.9 
4.4 
5.9 

V 

Vin  =  V|HorV|L  |lout|<4.0mA 
|lout|s5.2  mA 

4.5 
6.0 

3.98 
5.48 

3.84 
5.34 

3.70 
5.20 

vol 

Maximum  Low-Level  Output 
Voltage 

Vin  =  V|H  or  V|L 
I'outl  =20  ,iA 

2.0 
4.5 
6.0 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

V 

Vin  =  V|H°rV|L  |lout]<4.0mA 
I'outl  =5  5.2  mA 

4.5 
6.0 

0.26 
0.26 

0.33 
0.33 

0.40 
0.40 

■in 

Maximum  Input  Leakage  Current 

Vin  =  VCC  or  GND 

6.0 

±0.1 

±10 

+  1.0 

*A 

ice 

Maximum  Quiescent  Supply 
Current  (per  Package) 

Vin  =  Vcc  or  GND 
lout  =  0,iA 

6.0 

2 

20 

40 

^A 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 


MOTOROLA  HIGH-SPEED  CMOS  LOGIC  DATA 

5-564 


I 


AC  ELECTRICAL  CHARACTERISTICS  (CL  =  50  pF,  Input  tr  =  tf  =  6  ns) 


vcc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

25°C  to 
-56°C 

stS'C 

s125"C 

Unit 

'PLH. 
tPHL 

Maximum  Propagation  Delay,  input  A,  B,  or  C  to  Output  Y 
(Figures  1  and  21 

2.0 
4.5 
6.0 

115 
23 
20 

145 

29 
25 

175 
35 
30 

ns 

<TLH. 
<THL 

Maximum  Output  Transition  Time,  Any  Output 
(Figures  1  and  2) 

2.0 
4.5 
6.0 

75 
15 
13 

95 
19 
16 

110 
22 
19 

ns 

Cin 

Maximum  Input  Capacitance 

10 

10 

10 

pF 

NOTES: 


1.  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


CPD 

Power  Dissipation  Capacitance  (Per  Gate) 

Typical  @  25°C.  VCC  =  5.0  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 

PD  =  CpD  Vcc2' +  ICC  VCC 

26 

pF 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

Figure  1.  Switching  Waveforms  Figure  2.  Test  Circuit 


EXPANDED  LOGIC  DIAGRAM 

(54  of  the  Device) 


to 


MOTOROLA  HIGH-SPEED  CMOS  LOGIC  DATA 

5-565 


MOTOROLA 

SEMICONDUCTOR 

TECHNICAL  DATA 


8-lnput  NOR/OR  Gate 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC4078  is  similar  to  the  CD4078B  metal-gate  CMOS  device.  The  de- 
vice inputs  are  compatible  with  standard  CMOS  outputs;  with  | 
are  compatible  with  LSTTL  outputs. 

•  Output  Drive  Capability:  10  LSTTL  Loads 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 


MC54/74HC4078 


In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 
Chip  Complexity:  30  FETs  or  7.5  Equivalent  Gates 


LOGIC  DIAGRAM 


2  V 

3 

4  1 

5  \ 

9 

10  / 

11  A 

12 

> 


Y=A+B+C+D+E+F+G+H 
X=A+B+C+D+E+F+G+H 

PIN  14  =  VCC 
PIN  7  =  GND 

PINS  6,  8  -  NO  CONNECTION 


J  SUFFIX 
CERAMIC 
CASE  632 


N  SUFFIX 
PLASTIC 
CASE  646 


D  SUFFIX 

SOIC 
CASE  751A 


ORDERING  INFORMATION 


MC74HCXXXXN 
MC54HCXXXXJ 
MC74HCXXXXD 


Plastic 

Ceramic 

SOIC 


Ta=  -55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 


PIN  ASSIGNMENT 


NC  =  N0  CONNECTION 




Inputs  A  through  H 

Outputs 

Y 

X 

All  inputs  L 

All  other  combinations 

H 
L 

L 
H 

MOTOROLA  HIGH-SPEED  CMOS  LOGIC  DATA 

5-566 


MC54/74HC4078 


MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

-0.5  to  +7.0 

V 

Vin 

DC  Input  Voltage  (Referenced  to  GND) 

-1.5  to  Vcc +  1-5 

V 

Vout 

DC  Output  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc +  0.5 

V 

"in 

DC  Input  Current,  per  Pin 

±20 

mA 

'out 

DC  Output  Current,  per  Pin 

±25 

mA 

ice 

DC  Supply  Current,  Vcc  and  GND  Pins 

±50 

mA 

PD 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tstg 

Storage  Temperature 

-65  to  +150 

°c 

TL 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°c 

♦Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
tOerating  -  Plastic  DIP:  -10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -  10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjn  and 
V0ut  should  be  constrained  to  the 
range  GND<(Vin  or  Vout)^Vcc- 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  Vcc)-  Unused 
outputs  must  be  left  open. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

vcc 

V 

Ta 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°e 

tr.  tf 

Input  Rise  and  Fall  Time                        Vcc  =  2.0  V 
(Figure  1)  VCC=4.5V 

VCC  =  6.0  V 

0 
0 
0 

1000 
500 
400 

ns 

DC  ELECTRICAL  CHARACTERISTICS  [Voltages  Referenced  to  GND) 


Symbol 

Parameter 

Test  Conditions 

vcc 

V 

Guaranteed  Limit 

Unit 

25°C  to 
-55"C 

s85°C 

s125°C 

V|H 

Minimum  High-Level  Input 
Voltage 

Vout  =  0.1  Vor  Vcc-0.1  V 
Houtl^O^ 

2.0 
4.5 
6.0 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

V 

V|L 

Maximum  Low-Level  Input 
Voltage 

Vout  =  0.1  VorVcc-0.1  V 

2.0 
4.5 
6.0 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

V 

VOH 

Minimum  High-Level  Output 
Voltage 

Vin  =  V|H  or  V)L 
|lout|s20^A 

2.0 
4.5 
6.0 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

V 

Vin  =  V|HorVIL  |lout|<4.0mA 
|lout|<5.2  mA 

4.5 
6.0 

3.98 
5.48 

3.84 
5.34 

3.70 
5.20 

vol 

Maximum  Low-Level  Output 
Voltage 

Vin  =  V|H  or  V|L 
|lout|<20^A 

2.0 
4.5 
6.0 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

V 

Vin  =  V|HorV|L  |lout|s4.0mA 
|lout|<5.2  mA 

4.5 
6.0 

0.26 
0.26 

0.33 
0.33 

0.40 
0.40 

■in 

Maximum  Input  Leakage  Current 

Vin  =  VCC  or  GND 

6.0 

±0.1 

±1.0 

±10 

«A 

ice 

Maximum  Quiescent  Supply 
Current  (per  Package) 

Vin  =  Vcc  or  GND 
lou,  =  0^A 

6.0 

2 

20 

40 

«A 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 


MOTOROLA  HIGH-SPEED  CMOS  LOGIC  DATA 

5-567 


MC54/74HC4078 


AC  ELECTRICAL  CHARACTERISTICS  ICL  =  50  pF,  Input  tr  =  tf  =  6  ns) 


vcc 

Guaranteed  Limit 

Symbol 

PnramatAr 

25«C  to 

Unit 

V 

•  85°  C 

< 125°C 

-5B°C 

tPLH< 

Maximum  Propagation  Delay,  Any  Input  to  Output  Y 

2.0 

130 

165 

195 

ns 

tPHL 

(Figures  1  and  3) 

4  5 

26 

33 

39 

6.0 

22 

28 

33 

<PLH. 

Maximum  Propagation  Delay,  Any  Input  to  Output  X 

2.0 

140 

175 

210 

ns 

'PHL 

(Figures  2  and  3) 

4.6 

28 

35 

42 

6.0 

24 

30 

36 

TLH. 

Maximum  Output  Transition  Time,  Any  Output 

2.0 

75 

95 

110 

ns 

fTHL 

(Figures  1,  2,  and  3) 

4.5 

15 

19 

22 

6.0 

13 

16 

19 

Cin 

Maximum  Input  Capacitance 

10 

10 

10 

pF 

NOTES: 

1.  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


Cpo 

Power  Dissipation  Capacitance  (Per  Package) 

Used  to  determine  the  no-load  dynamic  power  consumption: 

PD  =  CpD  Vcc2f  +  ICC  Vcc 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

Typlcel  @  2S«C.  VCC  =  5.0  V 

PF 

29 

SWITCHING  WAVEFORMS 


Includes  all  probe  and  jig  capacitance. 
Figure  3.  Test  Circuit 


MOTOROLA  HIGH-SPEED  CMOS  LOGIC  DATA 

c  ceo 

D-OOo 


MC54/74HC4078 


EXPANDED  LOGIC  DIAGRAM 


1  o~l> 


5 


MOTOROLA  HIGH-SPEED  CMOS  LOGIC  DATA 

5-569 


MOTOROLA 

SEMICONDUCTOR 

TECHNICAL  DATA 


Advance  Information 
Quad  Analog  Switch/ 
Multiplexer/Demultiplexer  with 
Separate  Analog  and  Digital 
Power  Supplies 

ince  Silicon-Gate 


The  MC54/74HC4316  utilizes  silicon-gate  CMOS  technology  to  achieve  fast  prop- 
agation delays,  low  ON  resistances,  and  low  OFF-channel  leakage  current.  This  bi- 
lateral switch/multiplexer/demultiplexer  controls  analog  and  digital  voltages  that 
may  vary  across  the  full  analog  power-supply  range  (from  Vcc  to  VEE'- 

The  HC4316  is  similar  in  function  to  the  metal-gate  CMOS  MC14016  and 
MC14066,  and  to  the  High-Speed  CMOS  HC4016  and  HC4066.  Each  device  has  four 
independent  switches.  The  device  control  and  Enable  inputs  are  compatible  with 
standard  CMOS  outputs;  with  pullup  resistors,  they  are  compatible  with  LSTTL  out- 
puts. The  device  has  been  designed  so  that  the  ON  resistances  (Ron'  are  much 
more  linear  over  input  voltage  than  Ron  °f  metal-gate  CMOS  analog  switches. 
Logic-level  translators  are  provided  so  that  the  On/Off  Control  and  Enable  logic-level 
voltages  need  only  be  Vqc  and  GND,  while  the  switch  is  passing  signals  ranging 
between  Vcc  and  VEE-  When  the  Enable  pin  (active-low)  is  high,  all  four  analog 
switches  are  turned  off. 

•  Logic-Level  Translator  for  On/Off  Control  and  Enable  Inputs 

•  Fast  Switching  and  Propagation  Speeds 

•  High  ON/OFF  Output  Voltage  Ratio 

•  Diode  Protection  on  All  Inputs/Outputs 

•  Analog  Power-Supply  Voltage  Range  (Vcc  -  VEE>  =  2-0  <°  12.0  Volts 

•  Digital  (Control)  Power-Supply  Voltage  Range  (V'cc  ~  GND)  =  2.0  to  6.0  Volts, 

Independent  of  Vr£f£ 

•  Improved  Linearity  of  ON  Resistance 

•  Chip  Complex  ty:  66  FETs  or  16.5  Equivalent  Gates 


BLOCK  DIAGRAM 


H 

A  ON/OFF  CONTROL  • 
B  ONIOFF  CONTROL  ■ 


1 

ANALOG 

«   »  2 

SWITCH 

C  ONIOFF 


0  ON/OFF  CONTROL 


<  TRANSLATOR 


LEVEL 


<■  TRANSLATOR 


ANALOG 
SWITCH 


c  TRANSLATOR 


ANALOG 
SWITCH 


ENABLE  4  JtRAMSLATOR 


ANALOG 
SWITCH 


ANALOG 


PIN  16  =  VCC 
PIN  8  =  GND 
PIN  9  =  VEE 
GND  >  Vr-E 


MC54/74HC4316 


J  SUFFIX 
CERAMIC 
CASE  620 


M  SUFFIX 
PLASTIC 
CASE  648 


D  SUFFIX 

SOIC 
CASE  751 


ORDERING  INFORMATION 

MC74HCXXXXN  Plastic 
MC54HCXXXXJ  Ceramic 
MC74HCXXXXD  SOIC 

TA=  -55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 


PIN  ASSIGNMENT 


Hi 

Hi 
%1 
xb 

B  ONIOFF 
CONTROL 
C  ONIOFF 
CONTROL 

ENABLE[ 
GND 


1  • 

2 
3 
4 
5 
6 
7 
8 


]vcc 

A  ONIOFF 
CONTROL 
D  ONIOFF 
CONTROL 


]XD 

1  ]Yc 
D  ]XC 
9  ]VEE 


FUNCTION  TABLE 


Inputs 

State  of 
Analog 
Switch 

Enable 

On/Off 
Control 

L 

H 

On 

L 

L 

Off 

H 

X 

Off 

X  =  don't  care 


ANALOG  INPUTSIOUTPUTS  =  XA,  XB,  Xc,  X0 


This  document  contains  information  on  a  new  product.  Specifications  and  information  herein  are  subject  to  change  without  notice. 


MOTOROLA  HIGH-SPEED  CMOS  LOGIC  DATA 

5-570 


MC54/74HC4316 


MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

vcc 

Positive  DC  Supply  Voltage                (Ref.  to  GNDI 

(Ref.  to  VEE) 

-0.5  to  +7.0 
-0.5  to  +  14.0 

V 

VEE 

Negative  DC  Supply  Voltage  (Ref.  to  GNDI 

-7.0  to  +0.5 

V 

V)S 

Analog  Input  Voltage 

VEE-0.5  to  Vcc  +  0.5 

V 

Vin 

Digital  Input  Voltage  (Ref.  to  GNDI 

-1.5  to  Vcc +1-5 

V 

I 

DC  Current  into  or  Out  of  Any  Pin 

±25 

mA 

Pd 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tstq 

Storage  Temperature 

-65  to  +  150 

°C 

TL 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°c 

*  Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
TDerating  -  Plastic  DIP:  -  10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltages  higher  than  the  maximum 
rated  voltages  to  this  high- 
impedance  circuit.  For  proper 
operation,  Vjn  and  Vout  should  be 
constrained  to  the  range  GND  s  (Vjn 
or  V0Ut)<VGC. 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  level  (e.g., 
eitherGNDor  Vcc).  Unused  outputs 
must  be  left  open.  I/O  pins  must  be 
connected  to  a  properly  terminated 
line  or  bus.  See  Chapter  4  subject 
listing  on  page  4-2. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

Positive  DC  Supply  Voltage  (Ref.  to  GNDI 

2.0 

6.0 

V 

VEE 

Negative  DC  Supply  Voltage  (Ref.  to  GNDI 

-6.0 

GND 

V 

vis 

Analog  Input  Voltage 

VEE 

vcc 

V 

Vin 

Digital  Input  Voltage  (Ref.  to  GND) 

GND 

vcc 

V 

V|0* 

Static  or  Dynamic  Voltage  Across  Switch 

1.2 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°C 

V.  tf 

Input  Rise  and  Fall  Time                          Vcc  =  2.0  V 
(Control  or  Enable  Inputs)                          Vcc  =  4-5  V 
(Figure  101                                            VCc  =  6.0V 

0 
0 
0 

1000 
500 
400 

ns 

*For  voltage  drops  across  the  switch  greater  than  1.2  V  (switch  on),  excessive  Vcc  current  may  be 
drawn;  i.e.,  the  current  out  of  the  switch  may  contain  both  Vcc  and  switch  input  components.  The 
reliability  of  the  device  will  be  unaffected  unless  the  Maximum  Ratings  are  exceeded. 


DC  ELECTRICAL  CHARACTERISTICS  Digital  Section  (Voltages  Referenced  to  GND)  VEE=GND  Except  Where  Noted 


vcc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

Test  Conditions 

25°C  to 
-55°C 

<85°C 

<125°C 

Unit 

V|H 

Minimum  High-Level  Voltage, 
Control  or  Enable  Inputs 

Ron=Per  sPec 

2.0 
4.5 
6.0 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

V 

VlL 

Maximum  Low-Level  Voltage, 
Control  or  Enable  Inputs 

Ron  =  Per  Spec 

2.0 
4.5 

6.0 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

V 

'in 

Maximum  Input  Leakage  Current, 
Control  or  Enable  Inputs 

Vin=VCCorGND 
VEE=  -6.0  V 

6.0 

±0.1 

±1.0 

±1.0 

»A 

ice 

Maximum  Quiescent  Supply 
Current  (per  Package) 

Vin=VCC  or  GND 
V|O  =  0V                      VEE  =  GND 
VEE=  -6.0 

6.0 
6.0 

2 
8 

20 
80 

40 
160 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 


i. 
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DC  ELECTRICAL  CHARACTERISTICS  Analog  Section  (Voltages  Referenced  to  VEE) 


vcc 

V 

vee 

V 

Guaranteed  Limit 

Symbol 

Parameter 

Test  Conditions 

25°  C  to 

<85°C 

S  12S°C 

Unit 

-55°C 

Ron 

Maximum  "ON"  Resistance 

Vin  =  V|H 

2.0* 

0.0 

a 

VIS  =  VCC  ,0  VEE 

4.5 

0.0 

320 

400 

480 

IS  £2.0  mA  (Figures  1,  2) 

4.5 

-4.5 

170 

215 

255 

6.0 

-6.0 

170 

215 

255 

V-,n  =  VIH 

2.0 

0.0 

V|s  =  Vcc  or  VEE  (Endpoints) 

4.5 

0.0 

180 

225 

270 

lg<2.0  mA  (Figures  1,  21 

4.5 

-4.5 

135 

170 

205 

6.0 

-6.0 

135 

170 

205 

ARon 

Maximum  Difference  in  "ON" 

Vin  =  V|H 

2.0 

0.0 

a 

Resistance  Between  Any  Two 

V|S  =  1/2(VCC-VEE) 

4.5 

0.0 

30 

35 

40 

Channels  in  the  Same  Package 

IS£2.0mA 

4.5 

-4.5 

20 

25 

30 

6.0 

-6.0 

20 

25 

30 

•off 

Maximum  Off-Channel  Leakage 

Vin  =  V|L 

6.0 

-6.0 

0.1 

0.5 

1.0 

Current,  Any  One  Channel 

vIO  =  VCC  or  VEE 

Switch  Off  (Figure  31 

'on 

Maximum  On-Channel  Leakage 

Vin  =  V|H 

6.0 

-6.0 

0.1 

0.5 

1.0 

Current,  Any  One  Channel 

V|S  =  VCC  or  GND 

(Figure  4) 

*At  supply  voltage  (V(;c-VEE)  approaching  2  V  the  analog  switch-on  resistance  becomes  extremely  non-linear.  Therefore,  for  low-voltage 

operation,  it  is  recommended  that  these  devices  only  be  used  to  control  digital  signals. 
NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 


AC  ELECTRICAL  CHARACTERISTICS  (CL  =  50pF,  Control  or  Enable:  tr  =  tf  =  6  ns,  VEE  =GND) 


Symbol 



Parameter 

vCc 

V 

Guaranteed  Limit 

Unit 

25°C  to 
-55°C 

s85°C 

s125°C 

<PLH. 
<PHL 

Maximum  Propagation  Delay,  Analog  Input  to  Analog  Output 
(Figures  8  and  9} 

2.0 
4.5 
6.0 

60 
12 
10 

75 
15 
13 

90 
18 
15 

ns 

tpLZ. 
<PHZ 

Maximum  Propagation  Delay,  Control  or  Enable  to  Analog  Output 
(Figures  10  and  111 

2.0 
4.5 
6.0 

250 
50 
43 

315 
63 
54 

375 
75 
64 

ns 

«PZL. 
<PZH 

Maximum  Propagation  Delay,  Control  or  Enable  to  Analog  Output 
(Figures  10  and  11) 

2.0 
4.5 
6.0 

265 
53 
45 

335 
66 
56 

400 
80 
68 

ns 

C 

Maximum  Capacitance                                            ON/OFF  Control 

and  Enable  Inputs 
Control  Input  =  GND 
Analog  I/O 

10 

10 

10 

pF 

_ 



35 
1.0 

35 

— ]£. — 

35 
1.0 

NOTES: 

1.  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


CPD 

Power  Dissipation  Capacitance  (Per  Switch)  (Figure  13) 
Used  to  determine  the  no-load  dynamic  power  consumption: 
PD  =  CPD  Vcc2f+ICC  VCC 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

Typical  @  25°C.  VCC  =  5.0  V 

pF 

15 
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ADDITIONAL  APPLICATION  CHARACTERISTICS  (GND  =  0  V) 


Symbol 

Parameter 

Test  Conditions 

vCc 

V 

vee 

V 

Limit* 
25*C 

Unit 

BW 

Maximum  On-Channel  Bandwidth  or 
Minimum  Frequency  Response 
(Figure  5) 

fjn  =  1  MHz  Sine  Wave 
Adjust  fjn  Voltage  to  Obtain  0  dBm  at  Vos 
Increase  f jn  Frequency  Until  dB  Meter  Reads  -  3  dB 
RL  =  B0O,  CL=10pF 

2.25 
4.50 
6.00 

-2.25 
-4.50 
-6.00 

150 
160 
160 

MHz 

- 

Off-Channel  Feedthrough  Isolation 
(Figure  6) 

fin  »Sine  Wave 

Adjust  f|n  Voltage  to  Obtain  0  dBm  at  V|S 

fin=10kHz,  RL  =  600  n,  CL  =  50pF 

fjn  =  1.0  MHz,  RL  =  50Q,  CL  =  10  pF 

2.25 
4.50 
6.00 

-2.25 
-4.50 
-6.00 

-50 
-50 
-50 

dB 

2.26 
4.50 
6.00 

-2.25 
-4.50 
-6.00 

-40 
-40 
-40 

- 

Feedthrough  Noise,  Control  to 
Switch 
(Figure  7) 

Vin<1  MHz  Square  Wave  (tr  =  tf  =  6  ns) 

Adjust  RL  at  Setup  so  that  Is  =  0  A 

RL  =  600i),  CL  =  50pF 
RL=10kO,  CL=10  pF 

2.25 
4.50 
6.00 

-2.25 
-4.50 
-6.00 

60 
130 
200 

mVpp 

2.25 
4.50 
6.00 

-2.25 
-4.50 
-6.00 

30 
65 
100 

- 

Crosstalk  Between  Any  Two  Switches 
(Figure  12) 

fjn  =  Sine  Wave 

Adjust  fjn  Voltage  to  Obtain  0  dBm  at  V|s 

fin=10  kHz,  RL  =  600  0,  CL  =  50  pF 
fin  =1.0  MHz,  RL  =  50n,  CL  =  10  pF 

2.25 
4.50 
6.00 

-2.25 
-4.50 
-6.00 

-70 
-70 
-70 

dB 

2.25 
4.50 
6.00 

-2.25 
-4.50 
-6.00 

-80 
-80 
-80 

THD 

Total  Harmonic  Distortion 
(Figure  14) 

fjn=1  kHz,  RL  =  10kO,  CL  =  50pF 

THD  =  TH  DMeasured  -  TH  DSource 

V|S  =4.0  Vpp  sine  wave 
V|s  =  8.0  Vpp  sine  wave 
V|s  =  1 1 .0  Vpp  sine  wave 

2.25 
4.50 
6.00 

-2.25 
-4.50 
-6.00 

0.10 
0.06 
0.04 

% 

Limits  not  tested.  Determined  by  design  and  verified  by  qualification. 
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3000 
_  2500 

CO 

2  2000 

CJ 

Z 
<x 

£  1500 

CO 
BC 

o  1000 

o 
DC 

500 


/  1 

/  ll25°C 

25°C 

^  -56 

300 

_  250 

CO 

■ 

□ 
z 

w  150 
g  100 

a? 

50 


°0     0.25     0.50     0.75     1.00     1.25     1.50     1.75     2.00  % 
Vin,  INPUT  VOLTAGE  (VOLTS).  REFERENCED  TO  VEE 


1 

25°C  . 

^25° 

5°C 

0.5      1.0      1.5      2.0      2.5      3.0      3.5  4.0 
Yfo,  INPUT  VOLTAGE  [VOLTS),  REFERENCED  TO  VEE 


Figure  la.  Typical  On  Resistance.  Vcc~Vee  =  2.0  V 


Figure  lb.  Typical  On  Resistance,  Vcc-VEE  =  4.5  V 


°  0     0  5    1.0    1.5    2.0    2.5    3.0   3.5    4.0    4.5    5.0    5.5  6.0 


Vin.  INPUT  VOLTAGE  IVOLTSI.  REFERENCED  TO  VEE 
Figure  1c.  Typical  On  Resistance,  Vcc-VEE  =  6  °  v 


1.0      2.0      3 0      4.0       5.0      6.0      7.0      8.0  9.0 
Vin.  INPUT  VOLTAGE  (VOLTSI,  REFERENCED  TO  VEE 

Figure  1d.  Typical  On  Resistance.  Vcc-VEE  =  9  0  v 


ANALYZER 


Figure  1e.  Typical  On  Resistance,  VCc~  VEE  =  120  V  Figure  2.  On  Resistance  Test  Set-Up 
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I 

0 

I 

»e?j — '  i 

VccfJ/^K^ 


SELECTED 

8  CONTROL 

9  INPUT 


«cc 


on 


Figure  3.  Maximum  Off  Channel  Leakage  Current, 
Any  One  Channel.  Test  Set-Up 


vcc 


SELECTED 
CONTROL 
INPUT 


JVCC 
-NIC 


Li 


«EE  t  4r 

Figure  4.  Maximum  On  Channel  Leakage  Current, 
Test  Set-Up 


METER 


*fncludes  all  probe  and  jig  capacitance. 


fin<Hr- 

0.1  „F 


SELECTED 
CONTROL 
INPUT 


VCC 


^"L  jCt- 


♦includes  all  probe  and  jig  capacitance. 


METER 


Figure  5.  Maximum  On-Channel  Bandwidth 
Test  Set-Up 


Figure  6.  Off-Channel  Feedthrough  Isolation, 
Test  Set- Up 


r 


vEE 


_n_n_ 


J«cc 


ON/OFF 


9  SELECTED 
CONTROL 
INPUT 


1 


\  jet* 


POINT 


ANALOG  IN 


•PLH  — 
ANALOG  OUT 


—  vcc 

 GND 


"IPHL 


♦includes  all  probe  and  jig  capacitance. 

Figure  7.  Feedthrough  Noise,  Control  to  Analog  Out, 
Test  Set-Up 


Figure  8.  Propagation  Delays,  Analog  in  to  Analog  Out 
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SELECTED 
CONTROL 
INPUT 


«cc 


ANALOG  Oil  fEST 
POINT 


T 


•50  pF* 


Jvcc 


*lncludes  all  probe  and  jig  capacitance. 

Figure  9.  Propagation  Delay  Test  Set-Up 


ENABLE  - 


CONTROL  - 


ANALOG  . 
OUT 


90% 

50% 


- <PZL  'PLZ  ■ 


" «PZH  'PHZ  " 


-«cc 


■50% 


10%   


■GND 
.HIGH 

"impedance 
vol 


90%   V0H 


HIGH 

IMPEDANCE 


Figure  10.  Propagation  Delay.  ON/OFF  Control 
to  Analog  Out 


POSITION  QWHEN  TESTING  lPHZ  AND  tpZH 
POSITION  ©WHEN  TESTING  tpLZ  AND  tpZL 


♦Includes  all  prooe  and  jig  capacitance. 

Figure  11.  Propagation  Delay  Test  Set-Up 


♦Includes  all  probe  and  jig  capacitance. 

Figure  12.  Crosstalk  Between  Any  Two  Switches. 
Test  Set-Up  (Adjacent  Channels  Used) 


IWC" 


_n_ri_ 


"EE 
CONTROL- 


rl 


f  vCc 

$ 


I  0NI0FF 


SELECTED 
9  CONTROL 
INPUT 


-NIC 


VIS 
0 


10  fLf 

fin  HI 


7 

8  SELECTED 

9  CONTROL 

INPUT 


J 


1  * 


TO 

-O  DISTORTION 


CL-  METER 


and  jig  capacitance. 


Figure  13.  Power  Dissipation  Capacitance  Test  Set-Up 


Figure  14.  Total  Harmonic  Distortion,  Test  Set-Up 
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APPLICATION  INFORMATION 

The  Enable  and  Control  pins  should  be  at  Vcc  or  GND  logic 
levels,  Vcc  being  recognized  as  logic  high  and  GND  being 
recognized  as  a  logic  low.  Unused  analog  inputs/ outputs  may 
be  left  floating  (not  connected}.  However,  it  is  advisable  to 
tie  unused  analog  inputs  and  outputs  to  Vcc  or  Vf££  through 
a  low  value  resistor.  This  minimizes  crosstalk  and  feedthrough 
noise  that  may  be  picked  up  by  the  unused  I/O  pins. 

The  maximum  analog  voltage  swings  are  determined  by  the 
supply  voltages  Vcc  anc*  Vf£E-  The  positive  peak  analog  volt- 
age should  not  exceed  Vcc-  Similarly,  the  negative  peak  an- 
alog voltage  should  not  go  below  Vf££.  In  the  example  below. 


the  difference  between  Vcc  and  VEE 's  twelve  volts.  There- 
fore, using  the  configuration  in  Figure  16,  a  maximum  analog 
signal  of  twelve  volts  peak-to-peak  can  be  controlled. 

When  voltage  transients  above  Vcc  and/or  below  V^e  are 
anticipated  on  the  analog  channels,  external  diodes  (Dx)  are 
recommended  as  shown  in  Figure  17.  These  diodes  should  be 
small  signal,  fast  turn-on  types  able  to  absorb  the  maximum 
anticipated  current  surges  during  clipping.  An  alternate 
method  would  be  to  replace  the  Dx  diodes  with  MOsorbs 
(Motorola  high  current  surge  protectors).  MOsorbs  are  fast 
turn-on  devices  ideally  suited  for  precise  dc  protection  with 
no  inherent  wear  out  mechanism. 


+6VL 

-evf  r 


L_t 


-LjD- 


SELECTED 
CONTROL 
INPUT 

VEE 


VCC  =  6V 


ANALOG  01 


 ->  ENABLE  CI 

  V  INPU- 

—  '  (Vcc  on 


ENABLE  CONTROL 
INPUTS 
(Vcc  OR  GND) 


Figure  16 


vcc 


tl 


VEE- 


ri 


J' 


H  on 

SELECTED 
CONTROL 
INPUT 

«EE 


•>  ENABLE  CONTROL 
;  \  INPUTS 
.  )    IVCC  OR  GNDI 


Figure  17.  Transient  Suppressor  Application 
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VCC  =  5V 


+  5V 


_L 

a.  Using  Pull-Up  Resistors 


LSTTL/ 
NMOS 


T 


ANALOG 
SIGNALS  ' 


I  HCT 
I  .-BUFFER 


{=  §} 


HC4316 


CONTROL 
INPUTS  9 


7 

T 


ANALOG 
SIGNALS 


VEE  =  0 
TO  -  6  V 


b.  Using  HCT  Buffer 
Figure  18.  LSTTL/NMOS  to  HCMOS  Interface 


Figure  19.  Switching  a  0-to-12  V  Signal  Using  a 
Single  Power  Supply  (GND*0  V) 


CHANNEL  4  - 


CHANNEL  3- 


CHANNEL  2  - 


1  OF  4 
SWITCHES 


1  OF  4 
SWITCHES 


1  OF  4 
SWITCHES 


1  OF  4 
SWITCHES 


1  2  3 

CUNTROL  INPUTS 

Figure  20.  4-lnput  Multiplexer 


INPUT- 


1  OF  4 
SWITCHES 


4:0.01  „F 


LF356  OR 
EQUIVALENT 


Figure  21.  Sample/Hold  Amplifier 


-OUTPUT 
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Advance  Information 
Analog  Multiplexers/ 
Demultiplexers  with  Address 
Latch 

High-Performance  Silicon-Gate  CMOS 

The  MC64/74HC4351,  MC54/74HC4352,  and  MC54/74HC4353  utilize  silicon-gate 
CMOS  technology  to  achieve  fast  propagation  delays,  low  ON  resistances,  and  low 
OFF  leakage  currents.  These  analog  multiplexers/demultiplexers  control  analog  volt- 
ages that  may  vary  across  the  complete  power  supply  range  (from  McC  t0  Vee'- 

The  Channel-Select  inputs  determine  which  one  of  the  Analog  Inputs/Outputs  is  to 
be  connected,  by  means  of  an  analog  switch,  to  the  Common  Output/Input.  The 
data  at  the  Channel-Select  inputs  may  be  latched  by  using  the  active-low  Latch 
Enable  pin.  When  Latch  Enable  is  high,  the  latch  is  transparent.  When  either  Enable  1 
(active  low)  or  Enable  2  (active  high)  is  inactive,  all  analog  switches  are  turned  off. 

The  Channel-Select  and  Enable  inputs  are  compatible  with  standard  CMOS  out- 
puts; with  pullup  resistors,  they  are  compatible  with  LSTTL  outputs. 

These  devices  have  been  designed  so  that  the  ON  resistance  (Ron)  is  more  linear 
over  input  voltage  than  Ron  of  metal-gate  CMOS  analog  switches. 

For  multiplexers/demultiplexers  without  latches,  see  the  HC4051,  HC4052,  and 
HC4053. 

•  Fast  Switching  and  Propagation  Speeds 

•  Low  Crosstalk  Between  Switches 

•  Diode  Protection  on  All  Inputs/Outputs 

•  Analog  Power  Supply  Range  ( Vqc  -  VEEl  =  2.0  to  12.0  V 
Digital  (Control)  Power  Supply  Range  (VfX  -  GND)  =  2.0  to  6.0  V 
Improved  Linearity  and  Lower  ON  Resistance  than  Metal-Gate  Types 
Low  Noise 

In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 
Chip  Complexity:  HC4351-222  FETs  or  55.5  Equivalent  Gates 
HC4352-188  FETs  or  47  Equivalent  Gates 
HC4353-186  FETs  or  46.5  Equivalent  Gates 

BLOCK  DIAGRAM 
MC54/74HC4351 
Single-Pole,  8-Position  Plus  Common  Off  and  Address  Latch 


ANALOG 
INPUTSIOUTPUTS 


MULTIPLEXER/ 
DEMULTIPLEXER 


CHANNEL-SELECT  I 
INPUTS  I 

1° 
LATCH  ENABLE  ■ 
SWITCH  f  ENABLE  1  ■ 
ENABLES  \  ENABLE  2  • 


CHANNEL 
ADDRESS 
LATCH 


COMMON 
OUTPUT/INPUT 


PIN  20  =  VCC 
PIN  9  =  VEE 
PIN  10  =  GND 
PINS  3,  14  =  NC 


MC54/74HC4351 
MC54/74HC4352 
MC54/74HC4353 


BBr      j  suffix 

rWY)  CERAMIC 
CASE  732 

fife       N  SUFFIX 
";|  ]  1        CASE  738 

^           DW  SUFFIX 

IP-  S0IC 

CASE  751 D 

ORDERING  INFORMATION 

MC74HCXXXXN  Plastic 
MC54HCXXXXJ  Ceramic 
MC74HCXXXXDW  SOIC 

TA=  -55°  to  125°C  for  all  packages. 

Dimensions  in  Chapter  7. 

PIN  ASSIGNMENT 
MC54/74HC4351 

X4C 

1  • 

20 

X6  C 

2 

19 

3X2 

NC  C 

3 

18 

3  X1 

X  c 

4 

17 

3  XO 

X7  C 

5 

16 

□  X3 

X5  B 

6 

15 

3  A 

ENABLE  1  C 

7 

14 

3NC 

ENABLE  2  C 

8 

13 

3  B 

VEEC 

9 

12 

3  C 

GND  C 

10 

11 

3  LATCH 

NC 

ENABLE 

=  N0  CONNECTION 

FUNCTION  TABLE 
MC54/74HC4351 


Control  I 

nputs 

ON 
Channel 
(LE  =  H)* 

Enable 

Select 

1  2 

C 

B 

A 

L  H 

L 

L 

L 

X0 

L  H 

L 

L 

H 

X1 

L  H 

L 

H 

L 

X2 

L  H 

L 

H 

H 

X3 

L  H 

H 

L 

L 

X4 

L  H 

H 

L 

H 

X5 

L  H 

H 

H 

L 

X6 

L  H 

H 

H 

H 

X7 

H  X 

X 

X 

X 

None 

X  L 

X 

X 

X 

None 

X  =  don't  care 
*When  Latch  Enable  is  low,  the  Channel 

Selection  is  latched  and  the  Channel  Address 

Latch  does  not  change  states. 


This  document  contains  information  on  a  new  product.  Specifications  and  information  herein  are  subject  to  change  without  notice. 
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MC54/74HC4352 
Double-Pole.  4-Position  Plus  Common  Off  and 


Latch 


ANALOG 
INPUTSfOUTPUTS 


BLOCK  DIAGRAM 


xo- 

XI- 

X2- 
X3- 


vo- 

Y1- 

Y2- 
Y3- 


CHANNEL 
ADDRESS 


CHANNEL-SELECT   

INPUTS  |  BJL  LATCH 

LATCH  ENABLE -L!  Y 

SWITCH  f  ENABLE  1-2  

^ENABLE  2—?  


X  SWITCH 


V  SWITCH 


COMMON 
OUTPUT/INPUT 


VCC  =  PIN  20 
VEE  =  PIN  9 
GND  =  PIN  10 
NC  =  PINS  3.14 


PIN  ASSIGNMENT 

>«cc 

lbX2 


YOi 


Y2  C  2 
NCC  3 
Vc  4 


Y3 
Ylc 
ENABLE  1  c 
ENABLE  2  c 
VEEc 
GND  c 


XI 

X 
3  XO 
3  X3 
3  NC 
3  A 
3  B 

LATCH 

ENABLE 


NC  =  N0  CONNECTION 


FUNCTION  TABLE 


Control  Inputs 

ON 
Channel 
ILE  =  HI* 

Enable 

Select 

1  2 

B  A 

L  H 

L  L 

YO  XO 

L  H 

L  H 

Y1  XI 

L  H 

H  L 

Y2  X2 

L  H 

H  H 

Y3  X3 

H  X 

X  X 

None 

X  L 

X  X 

None 

X=  Don't  Care 

*When  Latch  Enable  is  low,  the  Channel 
Selection  is  latched  and  the  Channel  Address 
Latch  does  not  change  states. 


MC54/74HC4353 

Triple  Single-Pole.  Double-Position  Plus  Common  Off  and  Address  Latch 


ANALOG 
INPUTS/OUTPUTS 


BLOCK  DIAGRAM 


channel.sElectJbJ1|adoress 


INPUTS|ciI 


c  1  • 


Y1 

Y0cj2 
NCr.  3 


Zl  c 

L 
ENABLE  1  C 
ENABLE  2C 
VEEc 

COMMON  GND 
OUTPUT/INPUT 


PIN  ASSIGNMENT 


LATCH  ENABLE 

SWITCH  f  ENABLE  1 
ENABLES \iMBLl  2 

NOTE: 

This  device  allows  independent  control  of  each  switch.  Channel-Select 
Input  A  controls  the  X  Switch,  Input  B  controls  the  Y  Switch,  and 
Input  C  controls  the  Z  Switch. 


20 


vCc 


19  3  Y 
18 
17 
16 

15  : 


Bp  X 
1X1 
t  XO 
]  A 
14pNC 
13 

12b  C 
1 1  p  LATCH 
ENABLE 


NC  =  N0  CONNECTION 


FUNCTION  TABLE 


Control  Inputs 

ON 
Channel 
ILE  =  H)» 

Enable 

Select 

1  2 

C 

B 

A 

L  H 

L 

L 

L 

ZO 

YO 

XO 

L  H 

L 

L 

H 

ZO 

YO 

X1 

L  H 

L 

H 

L 

ZO 

Y1 

XO 

L  H 

L 

H 

H 

ZO 

Yl 

XI 

L  H 

H 

L 

L 

Z1 

YO 

XO 

L  H 

H 

L 

H 

Z1 

YO 

X1 

L  H 

H 

H 

L 

Z1 

Y1 

XO 

L  H 

H 

H 

H 

Z1 

Yl 

X1 

H  X 

X 

X 

X 

None 

X  L 

X 

X 

X 

None 

X  =  Don't  Care 

*When  Latch  Enable  is  low,  the  Channel 
Selection  is  latched  and  the  Channel  Address 
Latch  does  not  change  states. 
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MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

vcc 

Positive  DC  Supply  Voltage    (Ref.  to  GND) 
(Ref.  to  VeeI 

-0.5  to  +7.0 
-0.5  to  14.0 

V 

VEE 

Negative  DC  Supply  Voltage  (Ref.  to  GND) 

-7.0  to  +0.5 

V 

vis 

Analog  Input  Voltage 

Vee-0.5  to  Vcc +  0.5 

V 

Vin 

vin 

Digital  Input  Voltage  (Ref.  to  GND) 

—  1 .5  to  Vcc  1-5 

v 

1 

DC  Current  Into  or  Out  of  Any  Pin 

±25 

mA 

PD 

Power  Dissipation  in  Still  Air 

Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tstq 

Storage  Temperature 

-65  to  +150 

°C 

TL 

Lead  Temperature,  1  mm  from  Case  for 
10  Seconds    (Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°C 

*  Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 

Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
tPower  Dissipation  Temperature  Derating: 

Plastic  "N"  Package:  -10  mW/°C  from  65°  to  85°C 

Ceramic  "J"  Package:  -  10  mW/°C  from  100°  to  125°C 

SOIC  "D"  Package:  -7  mW/°C  from  65°  to  85°C 


This  device  contains  protection  circuitry 
to  guard  against  damage  due  to  high  static 
voltages  or  electric  fields.  However, 
precautions  must  be  taken  to  avoid 
applications  of  any  voltage  higher  than 
maximum  rated  voltages  to  this  high- 
impedance  circuit.  For  proper  operation,  Vjn 
and  Vout  should  be  constrained  to  the 
ranges  indicated  in  the  Recommended 
Operating  Conditions. 

Unused  digital  input  pins  must  be  tied  to 
an  appropriate  logic  voltage  level  {e.g., 
either  GND  or  Vcc)-  Unused  Analog  I/O 
pins  may  be  left  open  or  terminated.  See 
Applications  Information.  


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

VCC 

Positive  DC  Supply  Voltage   (Ref.  to  GND) 
(Ref.  to  VEEI 

2.0 
2.0 

6.0 
12.0 

V 

VEE 

Negative  DC  Supply  Voltage  (Ref.  to  GND) 

-6.0 

GND 

V 

vis 

Analog  Input  Voltage 

VEE 

vcc 

V 

Vin 

Digital  Input  Voltage  (Ref.  to  GND) 

GND 

vcc 

V 

V|0* 

Static  or  Dynamic  Voltage  Across  Switch 

1.2 

V 

ta 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

tfi  tf 

Input  Rise  and  Fall  Time,         Vcc  =2.0  v 
Channel  Select  or  Enable        Vcc  =  4.5  V 
Inputs  (Figure  9a)                   Vcc  =  6.0  v 

0 
0 
0 

1000 
500 
400 

ns 

*For  voltage  drops  across  the  switch  greater  than  1 .2  V  (switch  on),  excessive  Vcc  current 
may  be  drawn;  i.e.,  the  current  out  of  the  switch  may  contain  both  Vqq  and  switch 
input  components.  The  reliability  of  the  device  will  be  unaffected  unless  the  Maximum 
Ratings  are  exceeded. 
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DC  ELECTRICAL  CHARACTERISTICS  Digital  Section  (Voltages  Referenced  to  GND)  VEE  =  GND,  Except  Where  Noted 


vCc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

Test  Conditions 

25°  C  to 
-55°C 

S85°C 

<125°C 

Unit 

V|H 

Minimum  High-Level  Input 

Ron=  Per  Spec 

2.0 

1.5 

1.5 

1.5 

V 

Voltage,  Channel-Select  or 

4.5 

3.15 

3.15 

3.15 

Enable  Inputs 

6.0 

4.2 

4.2 

4.2 

Vjfc 

Maximum  Low-Level  Input 

Ron  =  Per  Spec 

2.0 

0.3 

0.3 

0.3 

V 

Voltage,  Channel-Select  or 

4.5 

0.9 

0.9 

0.9 

Enable  Inputs 

6.0 

1.2 

1.2 

1.2 

Ifw 

Maximum  Input  Leakage  Current, 

Vin=VcC  °<  GND,  VEE=  -6.0  V 

6.0 

±0.1 

±1.0 

±1.0 

^A 

Channel-Select  or  Enable  Inputs 

ice 

Maximum  Quiescent  Supply 

Channel  Select  =  Vcc  or  GND 

Current  (per  Package) 

Enables  =  Vcc  or  GND 

VIS=VCC  or  GND 

V|O  =  0V                           VEE  =  GND 

6.0 

2 

20 

40 

VEE=  -6.0 

6.0 

8 

80 

160 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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DC  ELECTRICAL  CHARACTERISTICS  Analog  Section 


Symbol 

Parameter 

Test  Conditions 

vCc 

V 

vEe 

V 

Guaranteed  Limit 

Unit 

25°C  to 

-ss^c 

<85°C 

<125°C 

Ron 

Maximum  "ON"  Resistance 

Vin  =  V|L  or  V|H 
VIS  =  VCC  to  VEE 
ISS2.0  mA  (Figures  1,  2) 

4.5 
4.5 
6.0 

0.0 
-4.5 
-6.0 

190 
120 
100 

240 
150 
125 

280 
170 
140 

SI 

Vin=V|L°r  V,H 

V|S  =  ^CC  or  ^EE  (Endpoints) 

Igs2.0  mA  (Figures  1,  21 

4.5 
4.5 
6.0 

0.0 
-4.5 
-6.0 

150 
100 
80 

190 
125 
100 

230 
140 
115 

ARon 

Maximum  Difference  in  "ON" 
Resistance  Between  Any  Two  Channels 
in  the  Same  Package 

Vin  =  V|Lor  V|H 

V|S  =  1/2  (VCc-VEE) 

ISS2.0  mA 

4.5 
6.0 

0.0 
-6.0 

30 
12 
10 

35 
15 
12 

40 
18 
14 

S! 

■off 

Maximum  Off-Channel  Leakage 
Current,  Any  One  Channel 

Vin  =  V,L  or  V|H 

vIO  =  vCC"vEE 
Switch  Off  (Figure  3) 

6.0 

-6.0 

0.1 

0.5 

1.0 

MA 

Maximum  Off-Channel  Leakage 
Current,  Common  Channel 

HC4351 
HC4352 
HC4353 

Vin=V|Lor  V|H 

vIO  =  vCC-vEE 
Switch  Off  (Figure  4) 

6.0 

-6.0 

0.2 

2.0 

4.0 

6.0 

-6.0 

0.1 

1.0 

2.0 

6.0 

-6.0 

0.1 

1.0 

2.0 

Ion 

Maximum  On-Channel  Leakage 
Current,  Channel  to  Channel 

HC4351 
HC4352 
HC4353 

Vin  =  V|Lor  V|H 

Switch  to  Switch  =  Vcc  ~  VEE 

(Figure  5) 

6.0 

-6.0 

0.2 

2.0 

4.0 

oA 

6.0 

-6.0 

0.1 

1.0 

2.0 

-6.0 

0.1 

1.0 

2.0 

AC  ELECTRICAL  CHARACTERISTICS  (CL  =  50  pF,  Input  tr  =  tf  =  6  ns) 

Symbol 

Parameter 

vcc 

V 

Guaranteed  Limit 

Unit 

25°C  to 
-55°C 

<85°C 

<125°C 

tPLH. 
tPHL 

Maximum  Propagation  Delay,  Channel-Select  to  Analog  Output 
(Figure  91 

2.0 
4.5 
6.0 

370 
74 
63 

465 
93 
79 

550 
110 
94 

ns 

'PLH. 
tPHL 

Maximum  Propagation  Delay,  Analog  Input  to  Analog  Output 
(Figure  10) 

2.0 
4.5 
6.0 

60 
12 
10 

75 
15 
13 

90 
18 
15 

ns 

'PLH. 
'PHL 

Maximum  Propagation  Delay,  Latch  Enable  to  Analog  Output 
(Figure  12) 

2.0 
4.5 
6.0 

325 
65 
55 

410 
82 
70 

485 
97 
82 

ns 

*PLZ' 
»PHZ 

Maximum  Propagation  Delay,  Enable  1  or  2  to  Analog  Output 
(Figure  11) 

2.0 
4.5 
6.0 

290 
58 
49 

365 
73 
62 

435 
87 
74 

ns 

'PZL. 
<PZH 

Maximum  Propagation  Delay,  Enable  1  or  2  to  Analog  Output 
(Figure  11) 

2.0 
4.5 
6.0 

345 
69 
59 

435 
87 
74 

515 
103 
87 

ns 

cm 

Maximum  Input  Capacitance 

10 

10 

10 

pF 

C|/0 

Maximum  Capacitance         Analog  I/O 

Common  O/l:  HC4351 
HC4352 
HC4353 

Feedthrough 

Enable  1=V|H,  Enable  2  =V|L 

35 

35 

35 

pF 

130 
80 
50 

130 
80 
50 

130 
80 
50 

1.0 

1.0 

1.0 

NOTES: 

1.  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


Cpo 

Power  Dissipation  Capacitance  (Per  Package)  (Figure  14) 

Typical  @  25°C,  VCC  =  5  0  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 

PD  =  CpD  Vcc2f  +  lcc  vcc 

45  (HC4351) 

pF 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

80  (HC4352) 

45  (HC4353) 
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TIMING  REQUIREMENTS  (Input  tr  =  tf  =  6  nsl 


VCC 
V 

Guaranteed  Limit 

Symbol 

Ps  r3  m  Gt©  r 

25°C  to 

<  85°C 

< 125°C 

Unit 

-55°C 



lsu 

Minimum  Setup  Time,  Channel-Select  to  Latch  Enable 

2.0 

100 

125 

150 

ns 

(Figure  121 

4.5 

20 

25 

30 

6.0 

17 

21 

26 

•h 

Minimum  Hold  Time,  Latch  Enable  to  Channel  Select 

0 

0 

0 

(Figure  121 

4.5 

0 

0 

0 

6.0 

0 

0 

0 

tw 

Minimum  Pulse  Width,  Latch  Enable 

2.0 

80 

100 

120 

ns 

(Figure  12) 

4.5 

16 

20 

24 

6.0 

14 

17 

20 

If.  'f 

Maximum  Input  Rise  and  Fall  Times,  Channel-Select,  Latch  Enable, 

2.0 

1000 

1000 

1000 

ns 

and  Enables  1  and  2 

4.5 

500 

500 

500 

6.0 

400 

400 

400 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 


ADDITIONAL  APPLICATION  CHARACTERISTICS  (GND  =  0.0  V) 


Symbol 

Parameter 

Test  Condition 

vcc 

V 

vee 

V 

Limit* 

25°C 
54/74HC 

Unit 

BW 

Maximum  On-Channel  Bandwidth  or 
Minimum  Frequency  Response 
(Figure  6) 

fin  =  1  MHz  Sine  Wave 
Adjust  f|n  Voltage  to  Obtain  0  dBm  at  Vrjs 
Increase  f[n  Frequency  Until  dB  Meter 
Reads  -3  dB 

RL  =  50!i,  CL=10pF 

2.25 
4.50 
6.00 

-2.25 
-4.50 
-6.00 

51    52  53 

80  95  120 
80   95  120 
80  95  120 

MHz 

Off-Channel  Feedthrough  Isolation 
(Figure  71 

fjn  n  Sine  Wave 

Adjust  fjn  Voltage  to  Obtain  0  dBm  at  V|s 

fin  =  10  kHz,  RL  =  600(J,  CL=50  pF 

fjn=1.0  MHz,  RL  =  50fl,  CL  =  10  pF 

2.25 
4.50 
6.00 

-2.25 
-4.50 
-6.00 

-50 
-50 
-50 

dB 

2.25 
4.50 
6.00 

-2.25 
-4.50 
-6.00 

-40 
-40 
-40 

Feedthrough  Noise,  Channel  Select  Input 
to  Common  O/l 
(Figure  8) 

Vjn==1  MHz  Square  Wave 

(tr  =  tf=6  nsl 
Adjust  Rl  at  Setup  so  that  Ig  =  0  A 
Enable  =  GND 

RL  =  600S),  CL  =  50pF 
RL=10kS2,  CL=10pF 

2.25 
4.50 
6.00 

-2.25 
-4.50 
-6.00 

25 
105 
135 

mVpp 

2.25 
4.50 
6.00 

-2.25 
-4.50 
-6.00 

35 
145 
190 

Crosstalk  Between  Any  Two  Switches 
(Figure  131 

(Test  does  not  apply  to  HC4351 1 

fjn  -  Sine  Wave 

Adjust  fjn  Voltage  to  Obtain  0  dBm  at  V|s 
fin=10kHz,  RL  =  600  !2,  CL  =  50  pF 

fjn  =  1  MHz,  RL  =  50n,  CL  =  10pF 

2.25 
4.50 
6.00 

-2.25 
-4.50 
-6.00 

-50 
-50 
-50 

dB 

2.25 
4.50 
6.00 

-2.25 
-4.50 
-6.00 

-60 
-60 
-60 

THD 

Total  Harmonic  Distortion 
(Figure  151 

f|n=1  kHz,  RL=  10  kfi,  CL  =  50  pF 
THD  =  THDMeasured  -  THDgource 

V|s  -  4.0  Vpp  sine  wave 
V|s  =  8.0  Vpp  sine  wave 
V|s  =  11.0  Vpp  sine  wave 

2.25 
4.50 
6.00 

-2.25 
-4.50 
-6.00 

0.10 
0.08 
0.05 

% 

*Limits  not  tested.  Determined  by  design  and  verified  by  qualification. 
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250 

S 

1  200 

|  150 

in 

EE 

§  ioo 

a? 

50 


1 

✓\ 

— ^ 

I** 

 V 

25°C 

— . 

/ 

k  \ 
\ 

\ 

25°C 

55°C 

0      0.25     0.50     0.75     1.0      1.25      1.5     1.75  2.0 
V,s,  INPUT  VOLTAGE  (VOLTS).  REFERENCED  TO  VEE 

Figure  1a.  Typical  On  Resistance,  Vcc-VEE=20  v 


105 
90 
75 
60 
45 
30 
15 


—  12 

2 

-5 

Figure  1c 


0.5    1.0    1.5    2.0    2.5    3.0   3.5    4.0    4.5    5.0    5.5  6.0 
V|S,  INPUT  VOLTAGE  IV0LTSI.  REFERENCED  TO  VEE 

Typical  On  Resistance,  VCc-Vee=  6.0  V 


_  100 

w 

5 

~  80 

z 
<t 

w  60 

CO 

BE 

E  40 
20 


-  •  — 

—  *  * 

4 

25°C 

25°C^ 

55°cJ 

0       0.5       1.0      1.5      2.0      2.5      3.0      3.5      4.0  4.5 
V|S,  INPUT  VOLTAGE  (VOLTSI.  REFERENCED  TO  VEE 

Figure  1b.  Typical  On  Resistance.  Vcc-VEE  =  4-5  v 


125°C* 
25°C. 

■  ■  ■  ' 

-  55°C 

0       1.0      2.0      3.0      4.0      5.0      6.0      7.0      8.0  9, 
V|S.  INPUT  VOLTAGE  (VOLTS),  REFERENCED  TO  VEE 

Figure  1d.  Typical  On  Resistance,  Vcc-VEE  =  9  "  V 


-  1  ■ 

—  ■ 

i — 12 

5°C 
5°C" 

5°r 

- 

0     1.0     2.0    3.0    4.0    5.0    6.0    7.0    8.0    9.0  10.0  11.0  12.0 
V|S.  INPUT  VOLTAGE  (VOLTS).  REFERENCED  TO  VEE 

Figure  1e.  Typical  On  Resistance,  Vcc~  vEE  =  12u  v 


PROGRAMMABLE 
POWER 
SUPPLY 


MINI  COMPUTER 


ANALOG  IN 


DEVICE 
UNDER  TEST 


DC  ANALYZER 


«cc 


COMMON  OUT 


GND-^  TVEE 
Figure  2.  On  Resistance  Test  Set-Up 
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vcct  vcc1 


Figure  3.  Maximum  Off  Channel  Leakage  Current, 
Any  One  Channel,  Test  Set-Up 


COMMON  Oil 


Figure  4.  Maximum  Off  Channel  Leakage  Current, 
Common  Channel,  Test  Set-Up 


■ONC 


Figure  5.  Maximum  On  Channel  Leakage  Current, 
Channel  to  Channel,  Test  Set-Up 


0.1  ti 


»cc4 
ol — I 


vos 


*  Includes  all  probe  and  jig  capacitance. 

Figure  6.  Maximum  On-Channel  Bandwidth 
Test  Set-Up 


0.1  /iF 


'inO- 


"1 


I  1 


¥1 


dB 
METER 


*lncludes  all  probe  and  jig  capacitance. 

Figure  7.  Off-Channel  Feedthrough  Isolation, 
Test  Set-Up 


Vin£lMHz  H -10 

t,  =  tf  =  6ns  vEE*i 

c:irL_n_ 

GND  CHANNEL  SELECT 

*lncludes  all  probe  and  jig  capacitance. 

Figure  8.  Feedthrough  Noise,  Channel  Select  to 
Common  Out,  Test  Set-Up 
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CHANNEL  SELECT 


■ELECT      l*50%%  jfi 

tpLH  — *i  h —  — h — tm 


■vcc 


ANALOG  OUT 


Figure  9a.  Propagation  Delays.  Channel  Select  to 
Analog  Out 


_n_n_ 


CHANNEL  SELECT 
•Includes  all  probe  and  jig  capacitance. 

Figure  9b.  Propagation  Delay,  Test  Set-Up  Channel  Select 
to  Analog  Out 


ANALOG  IN 

«PLH  - 
ANALOG  OUT 


50% 


\  


■GNO 


•PHL 


-TLTL 


Figure  10a.  Propagation  Delays,  Analog  In  to 
Analog  Out 


•Includes  all  probe  and  jig  capacitance. 

Figure  10b.  Propagation  Delay,  Test  Set-Up 
Analog  In  to  Analog  Out 


ENABLE 


ANALOG 
OUT 


ANALOG 
OUT 


-tpZL  tpLZ  ■ 


-tpzH  IPHZ" 


•vcc 


10%  _ 


.HIGH 

impedance 
vol 


-90%  ~V0H 


.HIGH 
IMPEDANCE 


Figure  11a.  Propagation  Delay,  Enable  1  or  2  to 
Analog  Out 


■— a.  POSITION  ©WHEN  TESTING  tPHz  AND  tPZH 

0  i     ~   POSITION  ©WHEN  TESTING  tPLZ  AND  tpZL 
^  


•includes  all  probe  and  jig  capacitance. 

Figure  11b.  Propagation  Delay,  Test  Set-Up 
Enable  to  Analog  Out 
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CHANNEL 
SELECT 


LATCH 
ENABLE  2« 


COMMON  O/l 


10%,/ 

- — ' 

> 

'PLH. 

'PHL 

—  vCc 

GND 

—  «CC 

—  GND 


*  Latch  Enable  1  is  a  similar  waveform  except  the  Latch  Enable 
waveform  is  inverted. 

Figure  12a.  Propagation  Delay,  Latch  Enable  to 
Analog  Out 


CHANNEL  SELECT 

*lncludes  all  probe  and  jig  capacitance. 

Figure  12b.  Propagation  Delay,  Test  Set-Up 
Latch  Enable  to  Analog  Out 


*lncludes  all  probe  and  jig  capacitance. 

Figure  13.  Crosstalk  Between  Any  Two  Switches, 
Test  Set-Up 


CHANNEL  SELECT 

Figure  14.  Power  Dissipation  Capacitance,  Test  Set-Up 


♦includes  all  probe  and  jig  capacitance. 

Figure  15a.  Total  Harmonic  Distortion,  Test  Set-Up 


—  FUNDAMENTAL  FREQUENCY 

s 

DEVICE 

1  

SOURCE 

I 

1   i  1  fTT^r"*?  "I 

1.0  2.0  3.125 

FREOUENCY  (kHz) 

Figure  15b.  Plot,  Harmonic  Distortion 
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APPLICATIONS  INFORMATION 

The  Channel  Select  and  Enable  control  pins  should  be  at 
Vcc  or  GND  logic  levels.  Vcc  being  recognized  as  a  logic 
high  and  GN  D  being  recognized  as  a  logic  low.  In  this  example: 
Vcc  -  +  5  V  =  logic  high 
GND  =  0  V  =  logic  low 

The  maximum  analog  voltage  swings  are  determined  by  the 
supply  voltages  Vcc  ar,d  ^EE-  The  positive  peak  analog  volt- 
age should  not  exceed  Vcc-  Similarly,  the  negative  peak  an- 
alog voltage  should  not  go  below  V£g.  In  this  example,  the 
difference  between  Vcc  ar|d  ^EE 's  ten  volts.  Therefore,  using 
the  configuration  in  Figure  16,  a  maximum  analog  signal  of 
ten  volts  peak-to-peak  can  be  controlled.  Unused  analog  in- 


puts/outputs may  be  left  floating  (i.e.,  not  connected).  How- 
ever, tying  unused  analog  inputs  and  outputs  to  Vcc  or  GND 
through  a  low  value  resistor  helps  minimize  crosstalk  and 
feedthrough  noise  that  may  be  picked  up  by  an  unused  switch. 

Although  used  here,  balanced  supplies  are  not  a  require- 
ment. The  only  constraints  on  the  power  supplies  are  that: 
Vcc  -  GN  D  =  2  to  6  volts 
Vf£r£-  GND  =  0  to  -6  volts 

Vcc~  VEE  =  2  t0  12  vol,s 
and  VeesGND 
When  voltage  transients  above  Vcc  and/or  below  Vfjfj  are 
anticipated  on  the  analog  channels,  external  Germanium  or 
Schottky  diodes  (Dx)  are  recommended  as  shown  in  Figure 
17.  These  diodes  should  be  able  to  absorb  the  maximum  an- 
ticipated current  surges  during  clipping. 


+  5  V  — 


— +  5  V 


-5V-  V 


Figure  16.  Application  Example 


Figure  17.  External  Germanium  or  Schottky  Clipping 
Diodes 
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vee 
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LSTTUNMOS 
CIRCUITRY 
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lal  USING  PULL-UP  RESISTORS  (b)  USING  HCT  I 

Figure  18.  Interfacing  LSTTL/NMOS  to  CMOS  Inputs 
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FUNCTION  DIAGRAM  HC4351 
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TECHNICAL  DATA 


BCD-to-Seven-Segment  Latch/ 
Decoder/Display  Driver 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC451 1  is  identical  in  pinout  to  the  MC14511  metal-gate  CMOS  de- 
coder/driver. The  device  inputs  are  compatible  with  standard  CMOS  outputs;  with 
pullup  resistors,  they  are  compatible  with  LSTTL  outputs. 

The  HC4511  provides  the  functions  of  a  4-bit  storage  latch,  a  BCD-to-seven-seg- 
ment  decoder,  and  a  display  driver.  It  can  be  used  either  directly  or  indirectly  with 
seven-segment  light-emitting  diode  (LED),  incandescent,  fluorescent,  gas  discharge, 
or  liquid-crystal  readouts.  Lamp  test  (LTI,  blanking  (Bl),  and  latch  enable  (LE)  inputs 
are  used  to  test  the  display,  to  turn  off  or  pulse  modulate  the  brightness  of  the 
display,  and  to  store  a  BCD  code,  respectively. 

•  Latch  Storage  of  BCD  Inputs 

•  Blanking  Input 

•  Lamp  Test  Input 

•  Output  Drive  Capability:  10  LSTTL  Loads 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1  /iA 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  264  FETs  or  66  Equivalent  Gates 


BLOCK  DIAGRAM 


BCD 
INPUTS 


A  ILSB) 


C 

D  (MSBI 


7 

 > 

J  

DECODER 
AND 

4-BIT 

2 

TRANSPARENT 
LATCH 

_6  

OUTPUT 
CONTROL 

13 
12 
1 ) 
10 
9 
15 
14 


SEVEN- 
SEGMENT 
DISPLAY- 
DRIVER 
OUTPUTS 


CONTROL 
INPUTS 


LE 
Bl 
LT 


PIN  16=VCC 
PIN  8  =  GND 


MC54/74HC4511 


J  SUFFIX 
CERAMIC 
CASE  620 


N  SUFFIX 
PLASTIC 
CASE  648 


D  SUFFIX 
SOIC 
CASE  751B-01 


ORDERING  INFORMATION 

MC74HCXXXXN  Plastic 
MC54HCXXXXJ  Ceramic 
MC74HCXXXXD  SOIC 

Ta=  -55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 


PIN  ASSIGNMENT 


/_/ 

d 

DISPLAY 
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MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

VCC 

DC  Supply  Voltage  (Referenced  to  GND) 

n  k  *n  j_  "7  n 

—  U.D  TO  +  /  -U 

vin 

DC  Input  Voltage  (Referenced  to  GND) 

—  I  .t>  to         +  1 .0 

Vout 

DC  Output  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc  +  0.5 

V 

'in 

DC  Input  Current,  per  Pin 

±20 

mA 

'out 

DC  Output  Current,  per  Pin 

±25 

mA 

ice 

DC  Supply  Current,  VqO  and  GND  pins 

±70 

mA 

PD 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tstq 

Storage  Temperature 

-65  to  +150 

°C 

TL 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°C 

♦Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
Plastic  DIP:  - 10  mW/°C  from  65°  to  125°C 
Ceramic  DIP:  -  10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjn  and 
Vout  should  be  constrained  to  the 
range  GND < (Vjn  or  V0Ut)<VCC- 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  VccJ-  Unused 
outputs  must  be  left  open. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vec 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

VCC 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

»c 

tr.  tf 

Input  Rise  and  Fall  Time 
(Figure  3) 

VCC=2.0V 
VCC=4.5  V 
VCC  =  6.0  V 

0 
0 
0 

1000 
500 
400 

ns 

DC  ELECTRICAL  CHARACTERISTICS 

(Voltages  Referenced  to  GND) 

VCC 
V 

Guaranteed  Limit 

Symbol 

Parameter 

Test  Conditions 

25°C  to 
-55°C 

<85°C 

<125°C 

Unit 

VlH 

Minimum  High-Level  Input 
Voltage 

Vout  =  0.1  Vor  Vcc-0.1  V 
Houtls20„A 

2.0 
4.5 
6.0 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

V 

V|L 

Maximum  Low-Level  Input 
Voltage 

Vout  =  0.1  Vor  Vcc-0.1  V 
|lout|  *20^A 

2.0 
4.5 
6.0 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

V 

VOH 

Minimum  High-Level  Output 
Voltage 

Vin  =  V|H  or  V|L 
|lou,|^20,iA 

2.0 
4.5 
6.0 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

V 

vin  =  vIH  °'  VIL 

|lout|<6.0  mA 
|lout|<7.8  mA 

4.5 
6.0 

3.98 
5.48 

3.84 
5.34 

3.70 
5.20 

vol 

Maximum  Low-Level  Output 
Voltage 

Vin  =  V|H  or  V|L 
I'outl  =S20 

2.0 
4.5 
6.0 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

V 

Vin  =  V|H  or  V|L 

|lou,|s4.0  mA 
|lout|s5.2  mA 

4.5 
6.0 

0.26 
0.26 

0.33 
0.33 

0.40 
0.40 

lin 

Maximum  Input  Leakage  Current 

Vin  =  VCC  or  GND 

6.0 

±0.1 

±1.0 

±1.0 

pA 

'cc 

Maximum  Quiescent  Supply 
Current  (per  Package) 

Vin  =  Vcc  or  GND 
'out  =  0  eA 

6.0 

8 

80 

160 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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AC  ELECTRICAL  CHARACTERISTICS  (CL  =  50  PF,  Input  tr  =  tf  =  6  ns) 


vCc 

V 

Guaranteed  Limit 

o  y  m  Do  I 

Pa  ram  e  te  r 

2S°C  to 

<85°C 

S  125°C 

Unit 

-55°C 

'PLH. 

Maximum  Propagation  Delay,  Input  A,  B,  C,  or  D  to  Output 

2.0 

600 

750 

900 

ns 

'PHL 

(Figures  1  and  6) 

4.5 

120 

150 

180 

6.0 

102 

129 

153 

'PLH. 

Maximum  Propagation  Delay,  Latch  Enable  to  Output 

2.0 

600 

750 

900 

ns 

«PHL 

(Figures  2  and  6) 

4.5 

120 

150 

180 

6.0 

102 

129 

153 

'PLH. 

Maximum  Propagation  Delay,  Blanking  Input  to  Output 

2.0 

600 

750 

900 

ns 

'PHL 

inyuiKa  o  <jmu  0/ 

4.5 

120 

150 

180 

6.0 

102 

129 

153 

'PLH. 

Maximum  Propagation  Delay,  Lamp  Test  to  Output 

2.0 

600 

750 

900 

ns 

«PHL 

(Figures  4  and  6) 

4.5 

120 

150 

180 

6.0 

102 

129 

153 

Tlh. 

Maximum  Output  Transition  Time,  Any  Output 

2.0 

75 

95 

110 

ns 

Thl 

(Figures  3  and  6) 

4.5 

15 

19 

22 

6.0 

13 

16 

19 

Cin 

Maximum  Input  Capacitance 

10 

10 

10 

pF 

NOTES: 

1.  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


Cpp 

Power  Dissipation  Capacitance  (Per  Package} 

Typical  @  2S°C,  Vcc  =  5.0  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 

PD  =  CPD  Vcc2f+lcc  VCC 

70 

pF 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

TIMING  REQUIREMENTS  (Input  tr  =  tf  =  6  nsl 


VCC 

Guaranteed  Limit 

Symbol 

Parameter 

2S°C  to 

Unit 

V 

-55°C 

<85°C 

s125°C 

'su 

Minimum  Setup  Time,  Input  A,  8,  C,  or  D  to  Latch  Enable 

2.0 

100 

125 

150 

ns 

(Figure  51 

4.5 

20 

25 

30 

6.0 

17 

21 

26 

'h 

Minimum  Hold  Time,  Latch  Enable  to  Input  A,  B,  C,  or  D 

2.0 

0 

0 

0 

ns 

(Figure  51 

4.5 

0 

0 

0 

6.0 

0 

0 

0 

'w 

Minimum  Pulse  Width,  Latch  Enable 

2.0 

80 

100 

120 

ns 

(Figure  2) 

4.5 

16 

20 

24 

6.0 

14 

17 

20 

'r.  'f 

Maximum  Input  Rise  and  Fall  Times 

2.0 

1000 

1000 

1000 

ns 

(Figure  31 

4.5 

500 

500 

500 

6.0 

400 

400 

400 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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FIGURE  1 


FIGURE2 
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«PLH— *\  h*— 


Valid- 


«— <PHL 

1_ 


XL 


vcc 


GND 


FIGURE  3 


Any 
Output 


— »j    h« — tf  — >j    |<— tr 

Input  81 

10%  *  f\ 
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FIGURE  6  -  TEST  CIRCUIT 
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•Includes  all  probe  and  jig  capacitance 
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FUNCTION  TABLE 


Inputs 

Outputs 

LE 

Bl 

LT 

D 

C 

B 

A 

a 

b 

c 

d 

e 

f 

9 

Display 

X 

X 

L 

X 

X 

X 

K 

H 

M 

H 

H 

H 

H 

H 

8 

X 

L 

H 

X 

X 

X 

X 

L 

L 

L 

L 

L 

L 

L 

Blank 

L 

H 

H 

L 

L 

L 

L 

H 

H 

H 

H 

H 

H 

L 

0 

L 

H 

H 

L 

L 

L 

H 

L 

H 

H 

L 

L 

L 

L 

1 

L 

H 

H 

L 

L 

H 

L 

H 

H 

L 

H 

H 

L 

H 

2 

L 

H 

H 

L 

L 

H 

H 

H 

H 

H 

H 

L 

L 

H 

3 

L 

H 

H 

L 

H 

L 

L 

L 

H 

H 

L 

L 

H 

H 

4 

L 

H 

H 

L 

H 

L 

H 

H 

L 

H 

H 

L 

H 

H 

5 

L 

H 

H 

I 

H 

H 

L 

L 

L 

H 

H 

H 

H 

H 

6 

L 

H 

H 

L 

H 

H 

H 

H 

H 

H 

L 

L 

L 

L 

7 

L 

H 

H 

H 

L 

L 

L 

H 

H 

H 

H 

H 

H 

H 

8 

L 

H 

H 

H 

L 

L 

H 

H 

H 

H 

L 

L 

H 

H 

9 

L 

H 

H 

H 

L 

H 

L 

L 

L 

L 

L 

L 

L 

L 

Blank 

L 

H 

H 

H 

L 

H 

H 

L 

L 

L 

L 

L 

L 

L 

Blank 

L 

H 

H 

H 

H 

L 

L 

I 

I 

L 

L 

L 

L 

L 

Blank 

L 

H 

H 

H 

H 

L 

H 

L 

L 

L 

L 

L 

L 

L 

Blank 

L 

H 

H 

H 

H 

H 

L 

L 

L 

L 

L 

L 

L 

L 

Blank 

L 

H 

H 

H 

H 

H 

H 

L 

L 

L 

L 

L 

L 

L 

Blank 

H 

H 

H 

i 

X 

X 

x 

*  =  Depends  upon  the  BCD  code  previously  applied  while  LE  was  at  a 
low  level. 


PIN  DESCRIPTIONS 


INPUTS 

A,  B,  C,  D  (PINS  7,  1,  2,  6)  -  BCD  inputs.  A  (pin  7)  is  the 
least  significant  bit  and  D  (pin  6)  is  the  most  significant  bit. 
Hexadecimal  code  A-F  at  these  inputs  causes  the  outputs  to 
assume  a  low  level,  offering  an  alternate  method  of  blanking 
the  display. 

OUTPUTS 

a,  b,  c,  d,  e,  f,  g  (PINS  13,  12,  11,  10,  9,  15,  14)  -  Decoded, 
buffered  seven-segment  display-driver  outputs.  These  out- 
puts, unlike  the  MC1451 1 ,  have  CMOS  drivers,  which  produce 
typical  CMOS  output  voltage  levels.  These  outputs  are  con- 
nected to  various  displays  as  shown  in  Figure  7. 


CONTROL  INPUTS 

Bl  (PIN  4)  —  Active-low  display  blanking  input.  A  low  level 
on  this  input  will  cause  all  outputs  to  be  held  low,  thereby 
blanking  the  display.  LT  is  the  only  input  that  overrides  the  Bl 
input. 

LT  (PIN  3)  -  Active-low  lamp  test.  A  low  level  on  this  input 
causes  all  outputs  to  assume  a  high  level.  This  input  allows 
the  user  to  test  all  segments  of  a  display  with  a  single  control 
input.  This  input  is  independent  of  all  other  inputs. 

LE  (PIN  5)  —  Latch  enable  input.  This  input  controls  the  4- 
blt  transparent  latch.  A  high  level  on  this  input  latches  the 
code  present  at  the  A,  B,  C  and  D  inputs;  a  low  level  allows 
the  code  to  be  transmitted  through  the  latch  to  the  decoder. 


OUTPUT  CHARACTERISTIC  CURVES  (VCC  =  5  V) 


SOURCE  CURRENT 


3  2 
Vq,  OUTPUT  VOLTAGE  (VOLTSl 

*The  expected  minimum  curves  are  not  guarantees,  but  are  design  aids. 


SINK  CURRENT 


(  Typical 

1  A 

z 

TA- 

25°C 

ta- 

35°C 

— 

k  Expect 

ed  Mini 

num' 

-TA- 

25T- 

2  3  4 

Vq,  OUTPUT  VOLTAGE  (VOLTSl 
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FIGURE  7  -  CONNECTIONS  TO  VARIOUS  DISPLAY  READOUTS 


Typical  Values 
RS=  1  MO 
Rj=  100  kB 

CT  =  001  ill 


Liquid-Crystal  Display  ILCDI  Readout 


LED  Readout 


Common 
Cathode  LED 


HC4511 


Output 


vCc 


Common 
Anode  LED 


4 

» 

Output  ^HC04 


Incandescent  Readout 


Gas- Discharge  Readout 
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1  -of-1 6  Decoder/Demultiplexer 
With  Address  Latch 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC4514  is  identical  in  pmout  to  the  MC14514B  metal-gate  CMOS 
device.  The  device  inputs  are  compatible  with  standard  CMOS  outputs;  with  pullup 
resistors,  they  are  compatible  with  LSTTL  outputs. 

This  device  consists  of  a  4-bit  storage  latch  with  a  Latch  Enable  and  Chip  Select 
input.  When  a  low  signal  is  applied  to  the  Latch  Enable  input,  the  Address  is  stored, 
and  decoded.  When  the  Chip  Select  input  is  high,  all  sixteen  outputs  are  forced  to  a 
low  level. 

The  Chip  Select  input  is  provided  to  facilitate  the  chip-select,  demultiplexing,  and 
cascading  functions. 

The  demultiplexing  function  is  accomplished  by  using  the  Address  inputs  to  select 
the  desired  device  output,  and  then  by  using  the  Chip  Select  as  a  data  input. 

•  Output  Drive  Capability:  10  LSTTL  Loads 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1  /iA 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  268  FETs  or  67  Equivalent  Gates 


N  SUFFIX 
PLASTIC 
CASE  724 


DW  SUFFIX 

SOIC 
CASE  751 E 


ORDERING  INFORMATION 

MC74HCXXXXN  Plastic 
MC54HCXXXXJ  Ceramic 
MC74HCXXXXDW  SOIC 

Ta=  -55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 


BLOCK  DIAGRAM 
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MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

-0.5  to  +7.0 

V 

Vin 

DC  Input  Voltage  (Referenced  to  GNDI 

-1.5  to  Vcc  +  1-5 

V 

Vout 

DC  Output  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc +0.5 

V 

'in 

DC  Input  Current,  per  Pin 

+  20 

'out 

DC  Output  Current,  per  Pin 

±25 

mA 

ice 

DC  Supply  Current,  Vcc  and  GND  pins 

+  50 

mA 

PD 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tstq 

Storage  Temperature 

-65  to  +150 

°C 

tl 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°C 

*Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
tDerating  -  Plastic  DIP:  -  10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjn  and 
Vout  should  be  constrained  to  the 
range  GND<(Vin  or  Vout)  <VCC. 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  Vcc).  Unused 
outputs  must  be  left  open. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin-Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

VCC 

V 

Ta 

Operating  Temperature,  All  Package  Types 

55 

+  125 

°c 

V* 

Input  Rise  and  Fall  Time                          Vcc=2.0  V 
(Figure  1)                                              VCC  =  4.5V 

VCC  =  6.0  V 

0 
0 
0 

1000 
500 
400 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 


Symbol 

Parameter 

Test  Conditions 

vcc 

V 

Guaranteed  Limit 

Unit 

25°  C  to 
-55°C 

<85°C 

<12S'C 

V|H 

Minimum  High-Level  Input 
Voltage 

Vout  =  0.1  Vor  Vcc-0.1  V 
|loutN20„A 

2.0 
4.5 
6.0 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

1.6 
3.15 
4.2 

V 

V|L 

Maximum  Low-Level  Input 
Voltage 

Vout  =  0.1  Vor  Vcc-0.1  V 
]lout|s20/lA 

2.0 
4.5 
6.0 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

V 

V0H 

Minimum  High-Level  Output 
Voltage 

Vin  =  V|H  or  V|L 
|lout|s20^ 

2.0 
4.5 
6.0 

1.9 
4.4 

5.9 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

V 

Vin=V|HorV|L  |lout|s4.0mA 
|lout!s5.2  mA 

4.5 

6.0 

3.98 
5.48 

3.84 
5.34 

3.70 
5.20 

vol 

Maximum  Low-Level  Output 
Voltage 

Vin=V|H  or  V|L 
|lout|s20 

2.0 
4.5 
6.0 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

V 

Vin  =  V|HorV|L  |lout|s4.0mA 
[lout|s5.2  mA 

4.5 
6.0 

0.26 
0.26 

0.33 
0.33 

0.40 
0.40 

■in 

Maximum  Input  Leakage  Current 

Vin  =  VcC  or  GND 

6.0 

±0.1 

+  1.0 

±1.0 

MA 

ice 

Maximum  Quiescent  Supply 
Current  (per  Package) 

Vin  =  Vcc  or  GND 
lout  =  0MA 

6.0 

8 

80 

160 

„A 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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AC  ELECTRICAL  CHARACTERISTICS  <CL  =  50  pF,  Input  tr  =  tf  =  6  ns) 


Symbol 

Parameter 

vcc 

V 

Guaranteed  Limit 

Unit 

25°C  to 

S88-C 

<125°C 

tPLH' 
tpHL 

Maximum  Propagation  Delay  Chip  Select  to  Output  Y 
(Figures  1  and  5) 

2.0 
4.5 
6.0 

175 
35 
30 

220 
44 

37 

265 
53 
45 

*PLH 

Maximum  Propagation  Delay,  Input  A  to  Output  Y 

2.0 
4.5 
6.0 

230 
46 
39 

290 
58 
49 

345 
69 
59 

ns 

*PHL 

2.0 
4.5 
6.0 

175 
35 
Qn 

220 
44 

ol 

265 
63 
45 

tPLH 

Maximum  Propagation  Delay  Latch  Enable  to  Output  Y 
(Figures  3  and  5) 

2.0 
4.5 
6.0 

230 
46 
39 

290 
58 
49 

345 
69 
59 

tPHL 

2.0 
4.5 
6.0 

175 
35 
30 

220 
44 

37 

265 
53 
45 

tTLH' 
*THL 

Maximum  Output  Transition  Time,  Any  Output 
(Figures  1  and  5) 

2.0 
4.5 
6.0 

75 
15 
13 

95 
19 
16 

110 
22 
19 

ns 

Cin 

Maximum  Input  Capacitance 



10 

10 

10 

PF 

NOTES: 

1.  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


Cpo 

Power  Dissipation  Capacitance  (Per  Package) 

Used  to  determine  the  no-load  dynamic  power  consumption: 

PD  =  CPD  Vcc^+ICC  VCC 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

Typical  @  2S°C.  VCC  =  5.0V 

70 

pF 

TIMING  REQUIREMENTS  (Input  tr  =  tf  =  6  ns) 

Symbol 

Parameter 

vcc 

V 

Guaranteed  Limit 

Unit 

2S°C  to 
-SS"C 

<850C 

<125°C 

«su 

Minimum  Setup  Time,  input  A  to  Latch  Enable 
(Figure  4) 

2.0 
4.5 
6.0 

100 
20 
17 

125 
25 
21 

150 
30 
26 

ns 

«h 

Minimum  Hold  Time,  Latch  Enable  to  Input  A 
(Figure  4) 

2.0 
4.5 
6.0 

5 
5 
5 

5 
5 
5 

5 
5 
5 

ns 

«w 

Minimum  Pulse  Width,  Latch  Enable 
(Figure  3) 

2.0 
4.5 
6.0 

80 
16 
14 

100 
20 
17 

120 
24 
20 

ns 

tr.  <f 

Maximum  Input  Rise  and  Fall  Times 
(Figure  1) 

2.0 
4.5 
6.0 

1000 
500 
400 

1000 
500 
400 

1000 
500 
400 

ns 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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SWITCHING  WAVEFORMS 


FIGURE  1 
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90% 


■tPLI 


vcc 

GND 


ITLH- 


ITHL- 


-IPHL 


FIGURE  2 


Input  A 
'PLH- 
Output  Y 


*  Valid — *+*  Valid — »H 
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FIGURE  5  -  TEST  CIRCUIT 


Test  Point 


"  Includes  all  probe  and  jig  capacitance. 
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Latch 

Chip 

Address  Inputs 

Selected 

Output 

Enable 

Select 

A3 

A2 

A1 

AO 

(High) 

H 

L 

L 

L 

L 

L 

YO 

H 

L 
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H 

Y1 

H 

L 

L 
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H 

L 

Y2 
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L 

L 
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H 

Y3 

H 
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L 

Y4 
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L 

L 

Y5 
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L 

L 

L 

Y6 
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H 

H 

Y7 
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L 
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L 

Y8 

H 
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H 

L 

L 

H 

Y9 
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L 
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L 

H 

L 

YIO 

H 
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H 

i 

H 

H 

Y11 

H 

L 

H 

H 

L 

L 

Y12 

H 

L 

H 

H 

L 

H 

Y13 

H 

L 

H 

l_l 

u 

t 

Y14 

H 

_ 

H 

H 

H 

H 

Y15 

All 

X 

H 

X 

X 

X 

X 

Outputs  =  L 

Latched 

L 

X 

X 

X 

X 

Data 

ADDRESS  INPUTS 

AO,  A1.  A2.  A3  (PINS  2,  3,  21.  22)  -  Address  Inputs. 
These  inputs  are  decoded  to  produce  a  high  level  on  one  of 
16  outputs.  The  inputs  are  arranged  such  that  A3  is  the  most- 
significant  bit  and  AO  is  the  least-significant  bit.  The  decimal 
equivalent  of  the  binary  input  address  indicates  which  of  the 
16  data  outputs,  Y0-Y15,  is  selected. 

OUTPUTS 

Y0-Y15  (PINS  11,  9,  10,  8,  7.  6,  5,  4,  18,  17,  20,  19,  14, 

13,  16,  15)  —  Active-High  Outputs.  These  outputs  produce  a 
high  level  when  selected  (Latch  Enable  =  H,  Chip  Select  =  L) 
and  are  at  a  low  level  when  not  selected. 

CONTROL  INPUTS 

LATCH  ENABLE  (PIN  1)  -  Latch  Enable  Input.  A  low  level 
on  this  input  stores  the  data  on  the  Address  data  inputs  in  the 
4-bit  latch.  A  high  level  on  the  Latch  Enable  input  makes  the 
latch  transparent  and  allows  the  outputs  to  follow  the  inputs. 
Note  that  the  data  is  latched  only  while  the  Latch  Enable  input 
is  at  a  low  level. 

CHIP  SELECT  (PIN  231  -  Chip  Select  Input.  A  high  on 
this  input  produces  a  low  level  on  all  outputs,  regardless  of 
what  appears  at  the  address  or  Latch  Enable  inputs.  A  low 
level  on  the  Chip  Select  input  allows  the  selected  output  to 
produce  a  high  level. 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL  DATA 


Dual  Precision  Monostable 
Multivibrator  (Retriggerable, 
Resettable) 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC4538  is  identical  in  pinout  to  the  MC14538B  and  the  MC14528B. 
The  device  inputs  are  compatible  with  standard  CMOS  outputs;  with  pullup  resis- 
tors, they  are  compatible  with  LSTTL  outputs. 

This  dual  monostable  multivibrator  may  be  triggered  by  either  the  positive  or  the 
negative  edge  of  an  input  pulse,  and  produces  a  precision  output  pulse  over  a  wide 
range  of  pulse  widths.  Because  the  device  has  conditioned  trigger  inputs,  there  are 
no  trigger-input  rise  and  fall  time  restrictions.  The  output  pulse  width  is  determined 
by  the  external  timing  components,  Rx^nd  Cx-  The  device  has  a  reset  function 
which  forces  the  Q  output  low  and  the  Q  output  high,  regardless  of  the  state  of  the 
output  pulse  circuitry. 

•  Unlimited  Rise  and  Fall  Times  Allowed  on  the  Trigger  Inputs 

•  Output  Pulse  Width  is  Independent  of  the  Trigger  Pulse  Width 

•  ±  10%  Guaranteed  Pulse  Width  Variation  from  Part  to  Part  (Using  the  Same 

Test  Jig) 

•  Output  Drive  Capability:  10  LSTTL  Loads 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1  /*A 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  145  FETs  or  36  Equivalent  Gates 
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ORDERING  INFORMATION 

MC74HCXXXXN  Plastic 
MC54HCXXXXJ  Ceramic 
MC74HCXXXXDW  SOIC 

TA=  -55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 

PIN  ASSIGNMENT 
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MAXIMUM  RATINGS* 


Sym  bol 

Parameter 

Value 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GNDI 

-0.5  to  +7.0 

V 

Vin 

DC  Input  Voltage  (Referenced  to  GNDI 

-  1.5  to  Vcc+  1-5 

V 

Vout 

DC  Output  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc  +  0.5 

V 

'in 

DC  Input  Current,  per  Pin— A,  B,  Reset 

±20 

mA 

■in 

DC  Input  Current,  per  Pin— Cx/Rx 

±30 

mA 

'out 

DC  Output  Current,  per  Pin 

±25 

mA 

ice 

DC  Supply  Current,  Vcc  and  GND  pins 

±50 

mA 

PD 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tstg 

Storage  Temperature 

-65  to  +150 

°C 

TL 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Packagel 
(Ceramic  DIP) 

260 
300 

°C 

This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjn  and 
Vout  should  be  constrained  to  the 
range  GND<(Vin  or  Voutl<VCc- 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  Vcc)-  Unused 
outputs  must  be  left  open. 


*  Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
tDerating  -  Plastic  DIP:  -  10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  - 10  mW7°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GNDI 

2.0 

6.0 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

vcc 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

tr.  <f 

Input  Rise  and  Fall  Time— Reset 

VCc  =2.0  V 

0 

1000 

ns 

(Figure  5) 

VCC  =  4.5  V 

0 

500 

VCC  =  6.0  V 

0 

400 

A  or  B  (Figure  5) 

no  limit 

"X 

External  Timing  Resistor 

VCC<4.5  V 

2.0 

# 

kit 

VcC24.5  V 

1.0 

cx 

External  Timing  Capacitor 

0 

* 

*The  maximum  allowable  values  of  Rx  and  Cx  are  a  function  of  the  leakage  of  capacitor  Cx,  the 
leakage  of  the  HC4538,  and  leakage  due  to  board  layout  and  surface  resistance.  For  most  applications, 
CX^RX  should  be  limited  to  a  maximum  value  of  10  MO.  Values  of  Cx>10  may  cause  a 
problem  during  power  down  (see  Power-Down  Considerations).  Susceptibility  to  externally  induced 
noise  signals  may  occur  for  Rx>  1  Mil. 
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DC  ELECTRICAL  CHARACTERISTICS  [Voltages  Referenced  to  GND) 


vcc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

Test  Conditions 

25°C  to 
-55°C 

s85"C 

s125°C 

Unit 

V|H 

Minimum  High-Level  Input 
Voltage 

Vout  =  0.1  V  or  Vcc-0.1  V 
|loutl^20MA 

2.0 
4.5 
6.0 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

V 

VlL 

Maximum  Low-Level  Input 
Voltage 

Vou,  =  0.1  Vor  VCC -0.1  V 
\\out\<20nA 

2.0 

4.5 
6.0 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

V 

V0H 

Minimum  High-Level  Output 

v  LJI  Lay 

Vjn=V|H  or  V|L 

lu  *i  <?o  //A 

I'outl  —  MM 

2.0 
4.5 
6.0 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

1.9 
4.4 

5.9 

V 

vin  -  VIH  or  VIL            I'outl      u  mA 
|lout|<5.2  mA 

4  5 
6.0 

3.98 
5.48 

3.84 
5.34 

3.70 
5.20 

V0L 

Maximum  Low-Level  Output 
Voltage 

V-    —  Vn  i  nr  Uii 

vin  -  VIH  or  VIL 
ilout|<20  fiA 

2  0 
4.5 
6.0 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

vm~vIHorvIL             I'outl -4-u  mA 
|lout|<5.2  mA 

4  5 

6.0 

0.26 
0.26 

0.33 
0.33 

0.40 
0.40 

'in 

Maximum  Input  Leakage  Current 
(A,  B,  Reset) 

Vin  =  Vcc  or  GND 

6.0 

±0.1 

±1.0 

±1.0 

'in 

Maximum  Input  Leakage  Current 
ICX/RX> 

Vin  =  VCC  °r  GND 

6.0 

±50 

±500 

±500 

nA 

'cc 

Maximum  Quiescent  Supply 
Current  (per  Package) 
Standby  State 

Vin  =  VCC  or  GND 
Q1  and  02  =  Low 
l0ut  =  °/<A 

6.0 

130 

220 

350 

fA 

'cc 

Maximum  Supply  Current 
(per  Package) 
Active  State 

Vin  =  VCC  or  GND 
Q1  and  Q2  =  High 
lout  =  °/<A 

Pins  2  and  14  =  0.5  Vcc 

6.0 

150 

250 

400 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 


AC  ELECTRICAL  CHARACTERISTICS  (CL  =  50  pF,  Input  tr  =  tf  =  6  ns) 


VCC 

Guaranteed  Limit 

Symbol 

Parameter 

25°C  to 

Unit 

V 

-55°C 

s85°C 

s125°C 

tPLH 

Maximum  Propagation  Delay,  Input  A  or  B  to  Q 

2.0 

250 

315 

375 

ns 

(Figures  4  and  6) 

4.5 

50 

63 

75 

6.0 

43 

54 

64 

'PHL 

Maximum  Propagation  Delay,  Input  A  or  B  to  Q 

2.0 

275 

345 

415 

ns 

(Figures  4  and  6) 

4.5 

55 

69 

83 

6.0 

47 

59 

71 

'PHL 

Maximum  Propagation  Delay,  Reset  to  Q 

2.0 

250 

315 

375 

ns 

(Figures  5  and  6) 

4.5 

50 

63 

75 

6.0 

43 

54 

64 

tPLH 

Maximum  Propagation  Delay,  Reset  to  Q 

2.0 

275 

345 

415 

ns 

(Figures  5  and  6) 

4.5 

55 

69 

83 

6.0 

47 

59 

71 

tTLH- 

Maximum  Output  Transition  Time,  Any  Output 

2.0 

75 

95 

110 

ns 

(THL 

(Figures  5  and  6) 

4.5 

15 

19 

22 

6.0 

13 

16 

19 

Cin 

Maximum  Input  Capacitance 

(A,  B,  Reset) 

10 

10 

10 

pF 

<cx.  Rx> 

25 

25 

25 

NOTES: 

1.  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


CPD 

Power  Dissipation  Capacitance  (Per  Multivibrator) 

Typical  !d 

25°C,  VCC  =  5.0  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 
PD  =  CPD  Vcc2f+lcc  VCc 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 
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TIMING  REQUIREMENTS  (Input  tr  =  tf  =  6  ns) 


vcc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

25°C  to 
—  55°C 

<85°C 

<125°C 

Unit 

t  * 
lrr 

Minimum  Retrigger  Time,  Input  A  or  B 
(Figure  51 

2.0 
4.5 
6.0 

- 

- 

lrec 

Minimum  Recovery  Time,  Reset  Inactive  to  A  or  B 
(Figure  5) 

2.0 
4.5 
6.0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

tw 

Minimum  Pulse  Width,  Input  A  or  B 
(Figure  4) 

2.0 
4.5 
6.0 

80 
16 
14 

100 
20 
17 

120 
24 

20 

t,.. 

Minimum  Pulse  Width,  Reset 
(Figure  5) 

2.0 
4.5 
6.0 

80 
16 
14 

100 
20 
17 

120 
24 
20 

v.  tf 

Maximum  Input  Rise  and  Fall  Times,  Reset 
(Figure  5) 

2.0 
4.5 
6.0 

1000 
500 
400 

1000 
500 
400 

1000 
500 
400 

ns 

A  or  B 

(Figure  5) 

2.0 
4.5 
6.0 

No  Limit 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
lm,,-7?  +  VCC1V°I»I-CX  IPF) 


OUTPUT  PULSE  WIDTH  CHARACTERISTICS  ICL  =  50pF) 


Symbol 

Parameter 

Conditions 

Temperature 

Unit 

Timing  Components 

VCC 
V 

25°C 

-40°  to  85"C 

-56°  to  125"C 

Min 

Max 

Min 

Max 

Min 

Max 

T 

Output  Pulse  Width* 
(Figures  4  and  61 

RX=10k!2,  CX  =  0.1  ixf 

5.0 

0.63 

0.77 

0.60 

0.80 

0.59 

0.81 

ms 

Pulse  Width  Match  Between  Circuits  in 
the  Same  Package 

±5 

% 

Pulse  Width  Match  Variation  (Part  to  Parti 

±10 

% 

For  output  pulse  widths  greater  than  100  /is,  typically  T=kRxCx,  where  the  value  of  k  may  be  found  in  Figure  1. 


VCC,  POWER  SUPPLY  VOLTAGE  (VOLTSI 


Figure  1.  Typical  Output  Pulse  Width  Constant,  k. 
versus  Supply  Voltage 
(For  output  pulse  widths  >100,rs:  r=kRxCx> 
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100  ns 

0.0001  0.001  0.01  0.1  1  10 

CAPACITANCE  feF) 

Figure  2.  Output  Pulse  Width  vs.  Timing  Capacitance 


1.0 


0.7 


TA  = 

25°C 

-Rx 
-Ex 

=  10 
=  10( 

kfl- 

0  pF, 



1 — 1 

BX  = 

1  Mfi 

/     CX  =  0'1  fF 

2  3  4  5  6 

POWER  SUPPLY  VOLTAGE,  VCC  M 

Figure  3.  Normalized  Output  Pulse  Width 
versus  Power  Supply  Voltage 
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SWITCHING  WAVEFORMS 


<PIH- 


-»w(H>- 


—  VCC 
  GND 


^  f 


1PLH- 


•  tPHL " 


-  'w(U  *■ 


VCC 
GND 


/  X 


-  1PHL  — *■ 


v     it     *  r 


Figure  4 


90% 
10% 


"™\  /~\  r  _ 


'TLH- 


'PHL- 


90% 

0% 


ITHL- 


'PLH- 


V0%  f 

\  ;l  10' 


-  IwlL)  — *■ 


90% 
10% 

■*  <rec  »- 


VCC 
GND 

vcc 

GND 
GND 


^50% 


-r  +  trr- 


(RETRIGGERED  PULSE) 


■a.  r 


50% 


Figure  5 


DEVICE 
UNDER 
TEST 


TEST  POINT 
o 


^Includes  all  probe  and  jig  capacitance. 
Figure  6.  Test  Circuit 
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PIN  DESCRIPTIONS 


INPUTS 

A1.A2IPINS4, 12)  -  Positive-edge  trigger  inputs.  A  rising- 
edge  signal  on  either  of  these  pins  triggers  the  corresponding 
multivibrator  when  there  is  a  high  level  on  the  B1  or  B2  input. 

B1,  B2  (PINS  5,  11)  -  Negative-edge  trigger  inputs.  A 
falling-edge  signal  on  either  of  these  pins  triggers  the  corre- 
sponding multivibrator  when  there  is  a  low  level  on  the  A1  or 
A2  input. 

RESET  1,  RESET  2  (PINS  3.  13)  -  Reset  inputs  (active 
low).  When  a  low  level  is  applied  to  one  of  these  pins,  the  Q 
output  of  the  corresponding  multivibrator  is  reset  to  a  low  level 
and  the  Q  output  is  set  to  a  high  level. 

Cx1/Rx1  andCx2/Rx2(PINS2and  14)  —  External  timing 
components.  These  pins  are  tied  to  the  common  points  of  the 
external  timing  resistors  and  capacitors  (see  the  Block  Dia- 
gram). Polystyrene  capacitors  are  recommended  for  optimum 


pulse  width  control.  Electrolytic  capacitors  are  not  recom- 
mended due  to  high  leakages  associated  with  these  type 
capacitors. 

GND  (PINS  1  and  15)  —  External  ground.  The  external 
timing  capacitors  discharge  to  ground  through  these  pins. 

OUTPUTS 

Q1,  Q2  (PINS  6,  10)  —  Noninverted  monostable  outputs. 
These  pins  (normally  low)  pulse  high  when  the  multivibrator 
is  triggered  at  either  the  A  or  the  B  input.  The  width  of  the 
pulse  is  determined  by  the  external  timing  components,  Rx 
and  Cx- 

Q1,  Q2  (PINS  7,  9)  —  Inverted  monostable  outputs.  These 
pins  (normally  high)  pulse  low  when  the  multivibrator  is  trig- 
gered at  either  the  A  or  the  B  input.  These  outputs  are  the 
inverse  of  Q1  and  02. 


LOGIC  DETAIL 

(V4  the  Device) 


RESET  LATCH 


Figure  7 
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Figure  10  shows  the  HC4538  configured  in  the  retriggerable 
mode.  Briefly,  the  device  operates  as  follows  (refer  to  Fig- 
ure 7):  In  the  quiescent  state,  the  external  timing  capacitor, 
Cx,  is  charged  to  VCC-  When  a  trigger  occurs,  the  Q  output 
goes  high  and  Cx  discharges  quickly  to  the  lower  reference 
voltage  (Vref  Lower  =  1/3  v"cc>-  Cx  then  charges,  through 
RX,  back  up  to  the  upper  reference  voltage  (Vref  Upper  = 
2/3  Vccl.  at  which  point  the  one-shot  has  timed  out  and  the 
Q  output  goes  low. 

The  following,  more  detailed  description  of  the  circuit  op- 
eration refers  to  both  the  logic  detail  (Figure  7)  and  the  timing 
diagram  (Figure  8). 

QUIESCENT  STATE 

In  the  quiescent  state,  before  an  input  trigger  appears,  the 
output  latch  is  high  and  the  reset  latch  is  high  (#1  in  Fig- 
ure 8).  Thus  the  Q  output  (pin  6  or  10)  of  the  monostable 
multivibrator  is  low  (#2,  Figure  8). 

The  output  of  the  trigger-control  circuit  is  low  (#3),  and 
transistors  Ml,  M2,  and  M3  are  turned  off.  The  external  timing 
capacitor,  Cx,  is  charged  to  Vcc  (#4),  and  the  upper  reference 
circuit  has  a  low  output  (#5).  Transistor  M4  is  turned  on  and 


QUIESCENT 
STATE 


TRIGGER  CYCLE 
(A  INPUT) 


® 


TRIGGER  INPUT  A 
(PIN  4  OR  12). 


transmission  gate  T1  is  turned  off.  Thus  the  lower  reference 
circuit  has  Vcc  at  tne  noninverting  input  and  a  resulting  low 
output  (#6). 

In  addition,  the  output  of  the  trigger-control  reset  circuit  is 
low. 

TRIGGER  OPERATION 

The  HC4538  is  triggered  by  either  a  rising-edge  signal  at 
input  A  (#7)  or  a  falling-edge  signal  at  input  B  (#8),  with  the 
unused  trigger  input  and  the  Reset  input  held  at  the  voltage 
levels  shown  in  the  Function  Table.  Either  trigger  signal  will 
cause  the  output  of  the  trigger-control  circuit  to  go  high  (#9). 

The  trigger-control  circuit  going  high  simultaneously  initiates 
three  events.  First,  the  output  (atch  goes  low,  thus  taking  the 
Q  output  of  the  HC4538  to  a  high  state  (#10).  Second,  tran- 
sistor M3  is  turned  on,  which  allows  the  external  timing  ca- 
pacitor, Cx,  to  rapidly  discharge  toward  ground  (#11).  (Note 
that  the  voltage  across  Cx  appears  at  the  input  of  the  upper 
reference  circuit  comparator).  Third,  transistor  M4  is  turned 
off  and  transmission  gate  T1  is  turned  on,  thus  allowing  the 
voltage  across  Cx  to  also  appear  at  the  input  of  the  lower 
reference  circuit  comparator. 


TRIGGER  CYCLE 
IB  INPUT) 


RETRIGGER 


JLJl 


INPUT  B 
II 


TRIGGER  CONTROL 
CIRCUIT  OUTPUT . 


RxICx  INPUT 


(PIN  2  OR  14) 

UPPER  REFERENCE 
CIRCUIT. 


LOWER  REFERENCE 
CIRCUIT 


RESET  INPUT 
(PIN  3  OR  13) 


Vref  LOWER^) 

© 


©  n© 

®—9©  © 


RESET  LATCH 


© 

©u 

0  OUTPUT        @        I  I  @ 

(PIN  6  OR  101  —  1  L^L 


Figure  8.  Timing  Diagram 
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When  Cx  discharges  to  the  reference  voltage  of  the  lower 
reference  circuit  (#12),  the  outputs  of  both  reference  circuits 
will  be  high  (#13).  The  trigger-control  reset  circuit  goes  high, 
resetting  the  trigger-control  circuit  flip-flop  to  a  low  state  (#14). 
This  turns  transistor  M3  off  again,  allowing  Cx  to  begin  to 
charge  back  up  toward  Vcc-  w'tn  a  t'me  constant  t  =  RxCx 
(#15).  In  addition,  transistor  M4  is  turned  on  and  transmission 
gate  T1  is  turned  off.  Thus  a  high  voltage  level  is  applied  to 
the  input  of  the  lower  reference  circuit  comparator,  causing 
its  output  to  go  low  (#16).  The  monostable  multivibrator  may 
be  retriggered  at  any  time  after  the  trigger-control  circuit  goes 
low. 

When  Cx  charges  up  to  the  reference  voltage  of  the  upper 
reference  circuit  (#17),  the  output  of  the  upper  reference  circuit 
goes  low  (#18).  This  causes  the  output  latch  to  toggle,  taking 
the  Q  output  of  the  HC4538  to  a  low  state  (#19),  and  completing 
the  time-out  cycle. 

POWER-DOWN  CONSIDERATIONS 

Large  values  of  Cx  may  cause  problems  when  powering 
down  the  HC4538  because  of  the  amount  of  energy  stored  in 
the  capacitor.  When  a  system  containing  this  device  is  pow- 
ered down,  the  capacitor  may  discharge  from  Vcc  through 
the  input  protection  diodes  at  pin  2  or  pin  14.  Current  through 
the  protection  diodes  must  be  limited  to  30  mA;  therefore,  the 
turn-off  time  of  the  Vcc  power  supply  must  not  be  faster  than 
t  =  VcC'Cx/(30  mA}.  For  example,  if  Vcc  =  5  V  and  Cx  = 
15  jiF,  the  Vcc  supply  must  turn  off  no  faster  than  t  =  (5  V)- 
(15fiF)/30  mA  =  2.5  ms.  This  is  usually  not  a  problem  because 
power  supplies  are  heavily  filtered  and  cannot  discharge  at 
this  rate. 


When  a  more  rapid  decrease  of  Vcc  t0  zer0  v0"s  occurs, 
the  HC4538  may  sustain  damage.  To  avoid  this  possibility,  use 
an  external  damping  diode,  Dx,  connected  as  shown  in  Fig- 
ure 9.  Best  results  can  be  achieved  if  diode  Dx  is  chosen  to 
be  a  germanium  or  Schottky  type  diode  able  to  withstand  large 
current  surges. 

RESET  OPERATION 

A  low  voltage  applied  to  the  Reset  pin  always  forces  the  Q 
output  of  the  HC4538  to  a  low  state. 

The  timing  diagram  illustrates  the  case  in  which  reset  occurs 
(#20)  while  Cx  is  charging  up  toward  the  reference  voltage  of 
the  upper  reference  circuit  (#21).  When  a  reset  occurs,  the 
output  of  the  reset  latch  goes  low  (#22),  turning  on  transistor 
Ml.  Thus  Cx  is  allowed  to  quickly  charge  up  to  Vcc  (*23> t0 
await  the  next  trigger  signal. 

RETRIGGER  OPERATION 

When  used  in  the  retriggerable  mode  (Figure  10),  the 
HC4538  may  be  retriggered  during  timing  out  of  the  output 
pulse  at  any  time  after  the  trigger-control  circuit  flip-flop  has 
been  reset  (#24).  Because  the  trigger-control  circuit  flip-flop 
resets  shortly  after  Cx  has  discharged  to  the  reference  voltage 
of  the  lower  reference  circuit  (#25),  the  minimum  retrigger 
time,  trr  (Figure  5)  is  a  function  of  internal  propagation  delays 
and  the  discharge  time  of  Cx: 

trr  <ns)^72  +  VCC  lv°lts)-Cx  (pF)    gt  r0Qm  temperature 
30.5 

Figure  11  shows  the  device  configured  in  the  nonretrigger- 
able  mode. 


Figure  9.  Discharge  Protection  During  Power  Down 
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TYPICAL  APPLICATIONS 
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Figure  11.  Nonretriggerable  Monostable  Circuitry 
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Figure  12.  Elimination  of  Output  Pulse  Width 
During  Power-Up 
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BCD-to-Seven-Segment  Latch/ 
Decoder/Display  Driver  for  LCDs 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC4543  is  compatible  in  both  function  and  pinout  with  the 
MC14543B  metal-gate  CMOS  decoder/driver.  This  device  is  designed  for  use  with 
liquid-crystal  display  (LCD)  readouts.  The  HC4543  provides  a  4-bit  storage  latch,  a 
BCD-to-seven-segment  decoder,  and  an  LCD  driver.  The  blanking  input  (Bl)  and 
latch  enable  (LE,  active  low)  are  used  to  blank  the  display  and  store  the  BCD  code, 
respectively.  A  square  wave  is  applied  to  the  phase  input  IPh)  of  the  HC4543  and 
electrically  common  backplane  of  the  LCD. 

•  Latch  Storage  of  BCD  Inputs 

•  Blanking  Input 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1  fiA 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  252  FETs  or  63  Equivalent  Gates 


MC54/74HC4543 


J  SUFFIX 
CERAMIC 
CASE  620 


N  SUFFIX 
PLASTIC 
CASE  648 


D  SUFFIX 

SOIC 
CASE  751 


ORDERING  INFORMATION 

MC74HCXXXXN  Plastic 
MC54HCXXXXJ  Ceramic 
MC74HCXXXXD  SOIC 

Ta  -  -55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 
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vcc 

DC  Supply  Voltage  (Referenced  to  GNDI 

-0.5  to  +7.0 

V 

Vin 

DC  Input  Voltage  (Referenced  to  GNDI 

-1.5  to  Vcc  +  1-5 

V 

Vout 

DC  Output  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc +  0.5 

V 

Nil 

DC  Input  Current,  per  Pin 

+  20 

mA 

'out 

DC  Output  Current,  per  Pin 

±25 

mA 

ice 

DC  Supply  Current,  Vcc  and  GND  Pins 

±50 

mA 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tg^q 

Storage  Temperature 

-65  to  +  150 

°C 

tl 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°C 

*  Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
tDerating  -  Plastic  DIP:  -  10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjnand 
V0ut  should  be  constrained  to  the 
range  GND<=(Vin  or  Voutl<VCc. 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  Vcc*-  Unused 
outputs  must  be  left  open. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

vcc 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

«r.  tf 

Input  Rise  and  Fall  Time  Vcc=2.0V 
(Figure  3)  VCc=4.5V 

VCc  =  6.0  V 

0 
0 
0 

1000 
500 
400 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 


Symbol 

Parameter 

Test  Conditions 

vCc 

V 

Guaranteed  Limit 

Unit 

25°C  to 
-55°C 

S85°C 

<125°C 

V|H 

Minimum  High-Level  Input 
Voltage 

Vout  =  0.1  Vor  Vcc-0.1  V 
|lout|<20^A 

2.0 
4.5 
6.0 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

V 

VlL 

Maximum  Low-Level  Input 
Voltage 

Vout  =  0.1  Vor  Vcc-0.1  V 
|lout|<20„A 

2.0 
4.5 
6.0 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

V 

V0H 

Minimum  High-Level  Output 
Voltage 

Vin  =  V|H  or  V|L 
|lou,|s20,A 

2.0 
4.5 

6.0 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

V 

Vin  =  V|HorV|L  |lout|<0.4mA 
[lout|  5=0.5  mA 

4.5 
6.0 

3.98 
5.48 

3.84 
5.34 

3.70 
5.20 

vol 

Maximum  Low-Level  Output 
Voltage 

Vin=V|H  or  V|L 
|lout|<20(1A 

2.0 
4.5 
6.0 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

V 

Vin  =  V|HorV|L  [lout|<0.4mA 
|lOL,tjs0.5mA 

4.5 
6.0 

0.26 
0.26 

0.33 
0.33 

0.40 
0.40 

lin 

Maximum  Input  Leakage  Current 

Vin  =  VCC  or  GND 

6.0 

±0.1 

±1.0 

±1.0 

«A 

ice 

Maximum  Quiescent  Supply 
Current  (per  Package) 

Vin  =  Vcc  or  GND 
lout  =  0MA 

6.0 

8 

80 

160 

„A 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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AC  ELECTRICAL  CHARACTERISTICS  <CL  =  50  pF,  Input  t,  =  tf  =  6  ns) 


vCc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

25°C  to 

<86*C 

*  125°  C 

Unit 

-55"C 

<PLH. 

Maximum  Propagation  Delay,  Input  A,  B,  C,  or  D  to  Output 

2.0 

600 

750 

900 

ns 

tPHL 

(Figures  1  and  5) 

4.5 

120 

150 

180 

6.0 

102 

130 

153 

'PLH. 

Maximum  Propagation  Delay,  LE  to  Output 

2.0 

600 

750 

900 

ns 

"PHL 

(Figures  2  and  5) 

4  5 

120 

150 

180 

6.0 

102 

130 

153 

tPLH. 

Maximum  Propagation  Delay,  81  or  Ph  to  Output 

2.0 

600 

750 

900 

ns 

'PHL 

(Figures  3  and  5) 

4.5 

120 

150 

180 

6.0 

102 

130 

153 

tTLH. 

Maximum  Output  Transition  Time,  Any  Output 

2.0 

600 

750 

900 

ns 

fTHL 

(Figures  3  and  5) 

4.5 

120 

150 

180 

6.0 

102 

130 

153 

Cin 

Maximum  Input  Capacitance 

10 

10 

10 

pF 

NOTES: 

1 .  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


CPD 

Power  Dissipation  Capacitance  (Per  Package) 

Typical  @ 

2S°C,  VCC  =  5  0  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 
PD  =  CPD  vcc2f+icc  VCC 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

40 

pF 

TIMING  REQUIREMENTS  (Input  tr  =  tf  =  6  nsl 


vcc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

25°C  to 
-55°C 

<8S°C 

fi12S°C 

Unit 

»su 

Minimum  Setup  Time,  Input  A,  B,  C,  or  D  to  LE 

2.0 

100 

125 

150 

ns 

(Figure  41 

4.5 

20 

25 

30 

6.0 

17 

21 

26 

th 

Minimum  Hold  Time,  LE  to  Input  A,  B,  C,  or  D 

2.0 

50 

65 

75 

ns 

(Figure  4) 

4.5 

10 

13 

15 

6.0 

9 

11 

13 

<w 

Minimum  Pulse  Width,  LE 

2.0 

80 

100 

120 

ns 

(Figure  21 

4.5 

16 

20 

24 

6.0 

14 

17 

20 

tr.  tf 

Maximum  Input  Rise  and  Fall  Times 

2.0 

1000 

1000 

1000 

ns 

(Figure  31 

4.5 

500 

500 

500 

6.0 

400 

400 

400 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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SWITCHING  WAVEFORMS 


FIGURE  1 


FIGURE2 
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FUNCTION  TABLE 


Inputs 

Outputs 

LE 

Bl 

Ph* 

D 

c 

B 

A 

a 

b 

c 

d 

e 

f 

9 

Display 

X 

H 

L 

X 

X 

X 

X 

L 

L 

L 

L 

L 

I 

L 

Blank 

H 

L 

L 

L 

L 

L 

L 

H 

H 

H 

H 

H 

H 

L 

0 

H 

L 

L 

L 

L 

L 

H 

L 

H 

H 

L 

L 

L 

L 

1 

H 

L 

L 

L 

L 

H 

L 

H 

H 

I 

H 

H 

L 

H 

2 

H 

L 

L 

L 

L 

H 

H 

H 

H 

H 

H 

L 

L 

H 

3 

H 

L 

L 

L 

H 

L 

L 

L 

H 

H 

L 

L 

H 

H 

4 

H 

L 

L 

L 

H 

L 

H 

H 

L 

H 

H 

L 

H 

H 

5 

H 

L 

L 

L 

H 

H 

L 

H 

L 

H 

H 

H 

H 

H 

6 

H 

L 

L 

L 

H 

H 

H 

H 

H 

H 

L 

L 

L 

L 

 -  

H 

L 

L 

H 

L 

L 

L 

H 

H 

H 

H 

H 

H 

H 

8 

H 

L 

L 

H 

L 

L 

H 

H 

H 

H 

H 

L 

H 

H 

9 

H 

L 

L 

H 

L 

H 

L 

L 

L 

L 

L 

L 

L 

L 

Blank 

H 

L 

L 

H 

L 

H 

H 

L 

L 

L 

L 

L 

L 

L 

Blank 

H 

L 

L 

h 

H 

L 

L 

L 

L 

L 

L 

L 

L 

L 

Blank 

H 

L 

L 

H 

H 

L 

H 

L 

L 

L 

L 

L 

L 

L 

Blank 

H 

L 

L 

H 

H 

H 

L 

L 

L 

L 

L 

L 

L 

L 

Blank 

H 

L 

L 

H 

H 

H 

H 

L 

L 

L 

L 

L 

L 

L 

Blank 

L 

L 

L 

X 

X 

X 

X 

Inverse  of  Output 

Display 

t 

t 

H 

t 

Combinations 

as 

Above 

above 

X  =  Don't  care 
t  =  Above  Combinations 
*  =  For  liquid  crystal  readouts,  apply  a  square  wave  to  Ph. 


=  Depends  upon  the  code  previously  applied  when  LE=  H 


PIN  DESCRIPTIONS 


INPUTS 

A,  B,  C,  D  (PINS  5,  3,  2,  4)  -  BCD  inputs.  These  are  the 
inputs  to  be  decoded.  The  data  on  these  pins  is  decoded  to 
a  seven-segment  output  when  the  LE  pin  is  high  and  is  latched 
when  LE  is  low.  For  inputs  greater  than  hexadecimal  9  or  for 
Bl  input  high,  the  output  is  blanked.  A  (pin  5)  is  the  least- 
significant  data  bit  and  D  Ipin  4)  is  the  most-significant  data 
bit. 


OUTPUTS 

a,  b,  c,  d,  e,  f,  g  (PINS  9,  10,  11,  12,  13,  15,  141  -  Decoded 
seven-segment  display-driver  outputs.  For  liquid-crystal 
displays  (LCD's),  these  outputs  are  tied  directly  to  the  LCD 
segment  pins.  For  other  type  displays,  see  Figure  6. 


CONTROL  INPUTS 

LE  (PIN  1 )  -  Latch  Enable  Input  (active-low).  A  falling-edge 
signal  on  this  pin  latches  the  code  on  the  A,  B,  C,  and  D  pins. 
The  code  remains  latched  until  a  rising-edge  signal  is  applied 
to  this  pin.  A  high  level  on  this  pin  allows  the  code  to  be 
transferred  thru  the  latch  to  the  decoder. 

Ph  (PIN  6)  —  Phase  input.  This  input  is  used  to  invert  the 
output  level.  For  liquid-crystal  displays  (LCD),  a  square  wave 
is  applied  to  this  input  (typically  100  Hz)  and  to  the  common 
backplane  of  the  LCD.  For  light-emitting  diode  (LED), 
incandescent,  or  gas-discharge  displays,  the  phase  input  is 
tied  to  the  appropriate  level  as  shown  in  Figure  6. 

Bl  (PIN  7)  —  Blanking  input  pin.  A  high  level  on  this  pin 
causes  the  outputs  to  follow  the  phase  input,  thereby  blanking 
the  display  (no  voltage  drop  across  LCD  segments). 
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TIMING  DIAGRAM 
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FIGURE  6  -  CONNECTIONS  TO  VARIOUS  DISPLAY  READOUTS 
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Quad  2-lnput  Exclusive 
NOR  Gate 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC7266  is  identical  in  pinout  to  the  LS266  and  the  HC266.  The 
HC7266  has  standard  CMOS  outputs  instead  of  open-drain  outputs. 

The  device  inputs  are  compatible  with  standard  CMOS  outputs;  with  pullup  resis 
tors,  they  are  compatible  with  LSTTL  outputs. 

•  Output  Drive  Capability:  10  LSTTL  Loads 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  56  FETs  or  14  Equivalent  Gates 


LOGIC  DIAGRAM 


B3  — — h 


V3 


u 


B4 


PIN  14  =  VCC 
PIN  7  =  GND 


Y  =  SsB_ 
=  AB  +  Ai 


J  SUFFIX 
CERAMIC 
CASE  632 


N  SUFFIX 
PLASTIC 
CASE  646 


D  SUFFIX 

SOIC 
CASE  751A 


ORDERING  INFORMATION 

MC74HCXXXXN  Plastic 
MC54HCXXXXJ  Ceramic 
MC74HCXXXXD  SOIC 

Ta  =  -  55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 


PIN  ASSIGNMENT 


FUNCTION  TABLE 


Inputs 

Output 

A 

B 

Y 

L 

L 

H 

L 

H 

L 

H 

L 

L 

H 

H 

H 
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MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

-0.5  to  +7.0 

V 

V,n 

DC  Input  Voltage  (Referenced  to  GND) 

-  1.5  to  Vcc  +  1-5 

V 

Vout 

DC  Output  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc +  0.5 

V 

l|n 

DC  Input  Current,  per  Pin 

±20 

mA 

'out 

DC  Output  Current,  per  Pin 

±25 

mA 

!CC 

DC  Supply  Current,  Vcc  and  GND  Pins 

+  50 

mA 

PD 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

TStq 

Storage  Temperature 

-65  to  +150 

°C 

Tl 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°C 

*  Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
TDerating  -  Plastic  DIP:  -10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -  10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  V,n  and 
Vout  snou'd  De  constrained  to  the 
range  GND<(Vin  or  Vout)<VCC- 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  Vcc)-  Unused 
outputs  must  be  left  open. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

vcc 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

-  125 

-c 

tr-  tf 

Input  Rise  and  Fall  Time                          Vcc  =  2.0  v 
(Figure  1)                                              VCC  =  4.5  V 

VCC  =6  0  V 

0 
0 
0 

1000 
500 
400 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 


vcc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

Test  Conditions 

25°  C  to 
-S5°C 

E85°C 

<125°C 

Unit 

V|H 

Minimum  High-Level  Input 
Voltage 

Vout  =  0.1  Vor  VCC -0.1  V 
|loBt|.s20»A 

2.0 
4.5 
6.0 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

1.5 
3.15 

4.2 

V 

VlL 

Maximum  Low-Level  Input 
Voltage 

Vout  =  0.1  Vor  VCC -0.1  V 
|Iou,|<20mA 

2.0 
4.5 
6.0 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

V 

VOH 

Minimum  High-Level  Output 
Voltage 

Vin  =  V|H  or  V,L 
|lOut|s20MA 

2.0 
4.5 
6.0 

1.9 
4.4 
5.9 

1.9 
4.4 

5.9 

1.9 
4.4 
5.9 

V 

Vin  =  V|H°rV|L  |lout|s4.0mA 
|lout|<5.2  mA 

4.5 
6.0 

3.98 
5.48 

3.84 
5.34 

3.70 
5.20 

vol 

Maximum  Low-Level  Output 
Voltage 

Vin  =  V|H  or  V|L 
lloutl^O^A 

2.0 
4.5 
6.0 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

V 

Vin  =  V|HorV|L  |lout|s4.0mA 
|lout|<5.2  mA 

4.5 
6.0 

0.26 
0.26 

0.33 
0.33 

0.40 
0.40 

hn 

Maximum  Input  Leakage  Current 

Vin  =  VCC  or  GND 

6.0 

±0.1 

±1.0 

±1.0 

/*A 

ice 

Maximum  Quiescent  Supply 
Current  (per  Package) 

Vin  =  VcC  or  GND 
lolJt  =  0MA 

6.0 

2 

20 

40 

„A 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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AC  ELECTRICAL  CHARACTERISTICS  (CL  =  50  pF,  Input  tr  =  tf  =  6  ns) 


Vcc 
V 

Guaranteed  Limit 

Symbol 

Parameter 

2S°C  to 
-SS'C 

s85°C 

<125°C 

Unit 

'PLH. 
»PHL 

Maximum  Propagation  Delay,  Input  A  or  B  to  Output  Y 
(Figures  1  and  2) 

2.0 
4.5 
6.0 

120 
24 
20 

150 
30 
26 

180 
36 
31 

ns 

'TLH- 
tTHL 

Maximum  Output  Transition  Time,  Any  Output 
(Figures  1  and  2) 

2.0 
4.5 
6.0 

75 
15 
13 

96 
19 
16 

110 
22 
19 

ns 

Cin 

Maximum  Input  Capacitance 

10 

10 

10 

pF 

1 .  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


Cpo 

Power  Dissipation  Capacitance  (Per  Gate) 

Typical  @  25°C.  VCC=5.0V 

Used  to  determine  the  no-load  dynamic  power  consumption: 

pD  =  Cpo  Vcc2f+lcc  VCC 

33 

pF 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

TEST  POINT 


♦includes  all  probe  and  jig  capacitance. 
Figure  2.  Test  Circuit 


LOGIC  DETAIL 
(1/4  of  Devicel 
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APPLICATION  INFORMATION 


Bi  &-L  is  defined  as  biphase-level  code.  Also  known  as 
Manchester  Code,  this  technique  utilizes  binary  phase  shift 
keying  (PSK).  The  Bi  0-L  output  shown  in  Figure  3  carries 
both  data  and  synchronization  information;  therefore,  separate 
data  and  clock  lines  are  not  required  to  transfer  information. 
A  positive-going  transition  in  the  middle  of  the  bit  interval 


indicates  a  logic  zero;  a  negative-going  transition  indicates  a 
logic  one  (see  Figure  4). 

NRZ-L  shown  in  Figure  3  is  non-return-to-zero  level  code. 
This  is  simply  serial  data  out  of  a  shift  register,  such  as  the 
HC597. 

The  Bi  0-L  signal  must  be  phase  coherent  (i.e.,  no  glitches). 
Therefore,  NRZ-L  and  clock  transitions  must  be  coincident. 


CLOCK 


NRZ-L  ■ 


CLOCK  - 


X 

HC7266 


■  BI  *-L 


Figure  3.  Biphase-Level  Encoder  (Manchester  Encoder) 


NRZ-L 


POSITIVE 
LOGIC  DATA 


Figure  4.  Timing  Diagram 
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Product  Preview 

Octal  3-State  Noninverting 
Transparent  Latch  with 
Readback 

High-Performance  Silicon-Gate 


The  MC54/74HC7793  consists  of  eight  noninverting  transparent  latches  with  read- 
back.  The  device  inputs  are  compatible  with  standard  CMOS  outputs;  with  pullup 
resistors,  they  are  compatible  with  LSTTL  outputs. 

These  latches  appear  transparent  to  data  (i.e.,  the  outputs  change  asynchron- 
ously) when  Latch  Enable  and  Output  Enable  are  low.  Data  meeting  the  setup  and 
hold  time  is  latched  when  either  Latch  Enable  or  Output  Enable  is  high. 

The  HC7793  can  enable  its  output  data  back  onto  its  input  bus  via  the  I/O  port 
configuration.  Output  Enable  and  Latch  Enable  determine  how  pins  D0/Q0-D7/Q7 
are  configured.  When  Output  Enable  is  high  and  Latch  Enable  is  low,  the  outputs  of 
the  latches  are  enabled  on  D0/Q0-D7/Q7,  configuring  D0/Q0-D7/Q7  as  an  output 
bus  so  that  the  output  data  can  be  read  back  by  the  host. 

•  Output  Drive  Capability:  10  LSTTL  Loads  (Q0-Q7) 

15  LSTTL  Loads  (D0/Q0-D7/Q7) 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1  nA 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 


OUTPUT  ENABLE 


LATCH  ENABLE 


^^^^^^^^^^^ 

J  SUFFIX 
CERAMIC 
CASE  732 

IM  SUFFIX 
PLASTIC 
CASE  738 

DW  SUFFIX 

SOIC 
CASE  751 D 

ORDERING  INFORMATION 

MC74HCXXXXN 
MC54HCXXXXJ 
MC74HCXXXXDW 

Plastic 

Ceramic 

SOIC 

TA=  -55°  to  125-Cfor  6 
Dimensions  in  Chapter  7. 

II  packages. 

PIN  ASSIGNMENT 


OUTPUT  ENABLE  [ 

1  • 

20 

Ivcc 

DOIQO  [ 

2 

19 

]Q0 

01/Q1  [ 

3 

18 

]01 

02102  [ 

4 

17 

]02 

03103  [ 

5 

16 

]03 

04104  [ 

6 

15 

w 

D5IQ5  [ 

7 

14 

las 

D6/06  [ 

8 

13 

106 

07107  [ 

9 

12 

la? 

GND[ 

10 

11 

] LATCH  ENABLE 

FUNCTION  TABLE 


Inputs 

Outputs 

Output 

Latch 

D/Q 

D/Q 

Q 

Enable 

Enable 

L 

L 

L 

Input 

L 

L 

L 

H 

Input 

H 

L 

H 

X 

Input 

Q* 

H 

L 

Output 

Q* 

Q* 

H 

H 

X 

Input 

Q* 

*Q  represents  the  previous  latched  state. 


This  document  contains  information  on  a  product  under  development.  Motorola  reserves  the  right  to  change  or  discontinue  this  product  without  notice. 
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MC54/74HC7793 


MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

-0.5  to  +7.0 

V 

Vin 

DC  Input  Voltage  (Referenced  to  GNDI 

-  1.5  to  Vcc  +  1-5 

V 

Vout 

DC  Input  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc +  0.5 

V 

'in 

DC  Input  Current,  per  Pin  (Pins  1,  111 

±20 

mA 

'out 

nr   r^ntmit  rurrant     nor   Din   IPinc    19  1Q1 

L/i_  uuipin  L*urrem,  per  rin  irina  iz  i?f 

+  25 

'I/O 

DC  Output  Current,  per  Pin  (Pins  2-9) 

+  35 

mA 

ice 

DC  Supply  Current,  Vcc  and  GND  Pins 

±75 

mA 

PD 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tstg 

Storage  Temperature 

-65  to  +150 

°c 

TL 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°C 

*  Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
tDerating  -  Plastic  DIP:  -  10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  ^ 

RECOMMENDED  OPERATING  CONDITIONS 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltages  higher  than  the  maximum 
rated  voltages  to  this  high- 
impedance  circuit.  For  proper 
operation,  Vjn  and  Vout  should  be 
constrained  to  the  range  GND  <  (Vjn 
or  V0Ut)<VCC- 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  level  (e.g., 
eitherGNDorVcc'-  Unused  outputs 
must  be  left  open.  I/O  pins  must  be 
connected  to  a  properly  terminated 
line  or  bus.  See  Chapter  4  subject 
listing  on  page  4-2. 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GNDI 

2.0 

6.0 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

vcc 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

tr.  tf 

Input  Rise  and  Fall  Time                        Vcc  =  2.0V 
(Figure  1)                                              Vcc  =  4-5V 

VCC  =  6.0  V 

0 
0 
0 

1000 
500 
400 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 


vCc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

Test  Conditions 

25°C  to 
-55°C 

<85°C 

<125°C 

Unit 

V|H 

Minimum  High-Level  Input 
Voltage 

Vout  =  0.1  Vor  VCC- 
|lout|s20^A 

0.1  V 

2.0 
4.5 
6.0 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

V 

VlL 

Maximum  Low-Level  Input 
Voltage 

Vou,  =  0.1  Vor  VCC- 
(loutl  S20  «A 

0.1  V 

2.0 
4.5 
6.0 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

V 

V0H 

Minimum  High-Level  Output 
Voltage 

Vin  =  V|H  or  V,L 
lloutlsZO^A 

2.0 
4.5 
6.0 

1.9 
4.4 

5.9 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

V 

Vin  =  V|H  or  V|L 
Pins  2-9 

|lolJt|s6.0mA 
|lout|<7.8  mA 

4.5 
6.0 

3.98 
5.48 

3.84 
5.34 

3.70 
5.20 

Vin  =  V|H  or  V|L 
Pins  12-19 

|lout|s4.0mA 
|lout|<5.2  mA 

4.5 
6.0 

3.98 
5.48 

3.84 
5.34 

3.70 
5.20 

vol 

Maximum  Low-Level  Output 
Voltage 

Vin  =  V|H  or  V|L 
|lout|s20/.A 

2.0 
4.5 
6.0 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

V 

V|n  =  V|H  or  V|L 
Pins  2-9 

|lout|<6.0  mA 
|lout|s7.8mA 

4.5 
6.0 

0.26 
0.26 

0.33 
0.33 

0.40 
0.40 

Vin  =  V|H  or  V|L 
Pins  12-19 

Hout|<4.0mA 
|lout|s5.2  mA 

4.5 
6.0 

0.26 
0.26 

0.33 
0.33 

0.40 
0.40 

'in 

Maximum  Input  Leakage  Current 

Vin  =  Vcc  or  GND 

6.0 

±0.1 

±1.0 

±1.0 

fA 

'OZ 

Maximum  Three-State  Leakage 
Current 

Output  in  High-Impedance  State 
Vin  =  V,L  or  V|H 
Vout  =  Vcc  or  GND 

6.0 

±0.5 

±5.0 

±10.0 

pA 

'cc 

Maximum  Quiescent  Supply 
Current  (per  Package) 

Vin  =  VCC  or  GND 
'out'OcA 

6.0 

8 

80 

160 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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AC  ELECTRICAL  CHARACTERISTICS  (CL  =  50  pF,  Input  tr  =  tf  =  6  ns) 


vcc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

25°C  to 
-55°C 

E8S°C 

£125°C 

Unit 

<PLH. 
tPHL 

Maximum  Propagation  Delay,  Input  Data  to  Q 
(Figures  1  and  51 

2.0 
4.5 
6.0 

150 
30 
26 

190 
38 
33 

225 
45 
38 

ns 

<PLH- 
tPHL 

Maximum  Propagation  Delay,  Latch  Enable  or  Output  Enable  to  Q 
(Figures  2  and  51 

2.0 
4.5 
6.0 

175 
35 
30 

220 
44 
37 

265 
53 
45 

ns 

tpLZ. 
*PHZ 

Maximum  Propagation  Delay,  Latch  Enable  or  Output  Enable  to 
D0/Q0-D7/Q7 
(Figures  3  and  6) 

2.0 
4.5 
6.0 

150 
30 
26 

190 
38 
33 

225 
45 
38 

ns 

IPZL. 
*PZH 

Maximum  Propagation  Delay,  Latch  Enable  or  Output  Enable  to 
D0/Q0-D7/Q7 
(Figures  3  and  6) 

2.0 
4.5 
6.0 

150 
30 
26 

190 

38 
33 

225 
45 
38 

ns 

'TLH. 
tTHL 

Maximum  Output  Transition  Time,  D0/Q0-D7/Q7 

2.0 
4.5 
6.0 

60 
12 
10 

75 
15 
13 

90 
18 
15 

ns 

'TLH. 
«THL 

Maximum  Output  Transition  Time.  Q0-Q7 
(Figures  1  and  51 

2.0 
4.5 
6.0 

75 
15 
13 

95 
19 
16 

110 
22 
19 

ns 

Qn 

Maximum  Input  Capacitance  (Pins  1,11) 

10 

10 

10 

pF 

^out 

Maximum  I/O  Capacitance  (I/O  in  High-Impedance  State! 

15 

15 

15 

pF 

NOTES: 

1 .  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


CPD 

Power  Dissipation  Capacitance  (Per  Latch) 

Typical  @  25°C.  VCC  =  5  0  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 

pD  =  CpD  VCc2f+lcC  VCC 

TBD 

pF 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

TIMING  REQUIF 


r  =  tf  =  6  ns) 


 '  

vCc 

V 

Guaranteed  Limit 

Symbol 

Parameter 



25°C  to 

-ss'c 

s85°C 

==125°C 

Unit 

(su 

Minimum  Setup  Time,  Input  Data  to  Latch  Enable 

2.0 

100 

125 

150 

ns 

(Figure  4) 

4.5 

20 

25 

30 

6.0 

17 

21 

26 

*h 

Minimum  Hold  Time,  Latch  Enable  to  Input  Data 

2.0 

5 

5 

5 

ns 

(Figure  4} 

4.5 

5 

5 

5 

6.0 

5 

5 

5 

<r.  tf 

Maximum  Input  Rise  and  Fall  Times 

2.0 

1000 

1000 

1000 

ns 

(Figure  1) 

4.5 

500 

500 

500 

6.0 

400 

400 

400 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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OUTPUT 
ENABLE 


LATCH 
ENABLE 


O0IO0D7IO7 


DO/QOD7/07 


J 


■  'PZL  <PLZ" 


-IPZH  'PHZ- 


«cc 

GND 
VCC 
GND 
HIGH 

IMPEDANCE 


50S 


90%  —  V0H 


HIGH 

IMPEDANCE 


INPUT  D/Q 


Figure  3 


Figure  4 


DEVICE 
UNDER 
TEST 


TEST  POINT 
0 


OUTPUT 


♦includes  all  probe  and  jig  capacitance. 
Figure  5.  Test  Circuit 


CONNECT  TO  VCc  WHEN 
TESTING  tpLz  AND  tpzL. 
CONNECT  TO  GND  WHEN 
TESTING  Iphz  AND  lPZH- 


♦includes  all  probe  and  jig 

Figure  6.  Test  Circuit 
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OUTPUT  ENABLE 


LATCH  ENABLE  -!-£><> 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL  DATA 


MC54/74HC9000 


Product  Preview 
Programmable  Timer 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC9000  is  a  precision  programmable  timer  that,  when  used  in  con- 
junction with  a  32  kHz  to  20  MHz  crystal,  can  provide  time  durations  from  4.2  min- 
utes to  100  ns.  Using  the  on-chip  oscillator  function  and  external  RC  components, 
even  longer  time  durations  can  be  obtained.  Both  true  and  complementary  outputs 
are  available  for  use  with  the  edge-sensitive  oscillator  control  and  count  control. 
These  control  pins  facilitate  several  timer  and  "one-shot"  type  configurations  (see 
Application  Information). 

•  Has  On-Chip  Crystal  or  RC  Oscillator  Capability;  or  may  be  Driven  by  External 

Frequency  Source 

•  More  Accurate  than  Monostable  Multivibrators  when  used  with  a  Crystal 

•  Low  Power  Consumption  Characteristic  of  CMOS  Devices 

•  Wide  Operating  Voltage  Range:  2.5  to  6  Volts 

•  OUT  and  OUT  Drive  Capability:  10  LSTTL  Loads 

•  High  Noise  Immunity  Characteristics  of  CMOS  Devices 

•  Very  Low  Power  Consumption  in  Standby  Mode 

•  Double  Diode  Protection  on  all  Inputs 

•  Divide  Range  of  2  to  224 

•  Select  Inputs  (SO,  S1,  S2,  S3,  S4)  Facilitate  Programming  and  Incoming 

Inspection 

•  Mode  Inputs  1M0,  Ml,  M2)  for  Functional  Versatility 

•  Chip  Complexity:  923  FETs  or  231  Equivalent  Gates 


LOGIC  DIAGRAM 

osc   osc  osc 

IN     OUT  1  OUT  2 


J  SUFFIX 
CERAMIC 
CASE  732 


N  SUFFIX 
PLASTIC 
CASE  738 


DW  SUFFIX 

SOIC 
CASE  751 D 


ORDERING  INFORMATION 

MC74HCXXXXN  Plastic 
MC54HCXXXXJ  Ceramic 
MC74HCXXXXDW  SOIC 

T^=  -55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 


COUNT  CONTROL 


PIN  ASSIGNMENT 

OSC  IN  [ 

1  • 

20 

OSC  OUT  1  I 

2 

19 

]  S3 

OSC  OUT  2  [ 

3 

18 

]  S4 

NC  C 

4 

17 

]  SO 

OSC  CONTROL  C 

5 

16 

]  SI 

COUNT  CONTROL  [ 

6 

15 

]  NC 

START  C 

14 

]  S2 

OUT  [ 

8 

13 

]  M0 

OUT  [ 

9 

12 

]  Ml 

GND  [ 

10 

11 

]  M2 

NC  =  N0  CONNECTION 

SELECT 
INPUTS 


This  document  contains  information  on  a  product  under  development.  Motorola  reserves  the  right  to  change  or  discontinue  this  product  without  notice. 
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MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

VCC 

DC  Supply  Voltage  (Referenced  to  GND) 

-0.5  to  +7.0 

V 

Vjn 

DC  Input  Voltage  (Referenced  to  GND) 

- 1.5  to  Vqc  +  1-5 

V 

Vout 

DC  Output  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc  +  0.5 

V 

lin 

DC  Input  Current,  per  Pin 

±20 

mA 

'out 

DC  Output  Current,  per  Pin 

+  25 

mA 

ice 

DC  Supply  Current,  Vcc  and  GND  Pins 

±50 

mA 

PD 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tstq 

Storage  Temperature 

-65  to  +150 

°C 

TL 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°C 

This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vin  and 
Vout  should  be  constrained  to  the 
range  GND<(Vin  or  V0Ut)<VCC. 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  Vcc'-  Unused 
outputs  must  be  left  open. 


*  Maximum  Ratings  are  those  values  beyond  which  damage 
Functional  operation  should  be  restricted  to  the  Recoi 
tDerating  -  Plastic  DIP:  -10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -  10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

2.5* 

6.0 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

vcc 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

tr.  <f 

Input  Rise  and  Fall  Time                        Vcc  =  2.0V 
Except  OSC  IN  and  START  VCC=4.5V 
(Figure  1)                                             VCC  =  6.0  V 
Input  Rise  and  Fall  Time  (OSC  IN  or  START] 

0 
0 
0 

1000 
500 
400 

ns 

0 

No 
Limit 

*The  oscillator  is  guaranteed  to  function  at  2.5  V 
2.0  V  by  driving  Pin  1  with  an  external  clock  source 


However,  parametrtcs  are  tested  at 


DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 


VCC 

Guaranteed  Limit 

Symbol 

rarameter 

Test  Con 

aitions 

25"  C  to 

Unit 

V 

<85°C 

<125°C 

-55°C 

V|H 

Minimum  High-Level  Input 

Vout  =  0.1  Vor  VCC 

-0.1  V 

2.0 

1.5 

1.5 

1.5 

V 

Voltage 

Houtl^20^A 

4.5 

3.15 

3.15 

3.15 

6.0 

4,2 

4.2 

4,2 

V|L 

Maximum  Low-Level  Input 

Vout  =  0.1  Vor  VCC 

-0.1  V 

2.0 

0.3 

0.3 

0.3 

V 

Voltage 

|lou,|  s20 

4.5 

0.9 

0.9 

0.9 

6.0 

1.2 

1.2 

1.2 

V0H 

Minimum  High-Level  Output 

Vin  =  V|H  or  V,L 

2.0 

1.9 

1.9 

1.9 

V 

Voltage  (OUT,  OOT) 

|lout|s20MA 

4.5 

4.4 

4.4 

4.4 

6.0 

5.9 

5.9 

5.9 

Vin  =  V|H  or  V|L 

|loul|<4.0  mA 

4.5 

3.98 

3.84 

3.70 

|lou,|<5.2  mA 

6.0 

5.48 

5.34 

5.20 

vol 

Maximum  Low-Level  Output 

Vin=V|H  or  VIL 

2.0 

0.1 

0.1 

0.1 

V 

Voltage  (OUT,  OUT) 

|lout|^20^A 

4.5 

0.1 

0.1 

0.1 

6.0 

0.1 

0.1 

0.1 

Vin  =  V|HorV|L 

I'outl s4  0  mA 

4.5 

0.26 

0.33 

0.40 

|lout|s5.2  mA 

6.0 

0.26 

0.33 

0.40 

'in 

Maximum  Input  Leakage  Current 

Vin  =  VCC  or  GND 

6.0 

±0.1 

±1.0 

±  1.0 

/•A 

ice 

Maximum  Quiescent  Supply 

Vin  =  VCC  or  GND 

6.0 

8 

80 

160 

Current  (per  Package) 

lout  =  0^A 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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AC  ELECTRICAL  CHARACTERISTICS  ICL  =  50  pF,  Input  tr  =  tf  =  6  ns) 


vcc 

V 

Projected  Limit 

Symbol 

Parameter 

25°C  to 

£86°C 

Unit 

-55°C 

*max 

Maximum  Clock  Frequency  (Modes  1-7)  (50%  Duty  Cycle) 

2.0 

4.0 

3.2 

2.6 

— — 

MHz 

(Figures  1  and  2) 

4.5 

20 

16 

13 

6.0 

24 

19 

15 

fmax 

Maximum  Clock  Frequency  (Mode  0)  (50%  Duty  Cycle) 

2.0 

2.0 

1.6 

1.3 

MHz 

(Figures  1  and  2) 

4.5 

10 

8.0 

6.7 

6.0 

11.8 

9.4 

7.9 

tPLH- 

Maximum  Propagation  Delay,  OSC  IN  to  OUT  or  OUT 

2.0 

250 

315 

375 

ns 

tpHL 

(One  Stage  Selected) 

4.5 

50 

63 

75 

(Figures  1  and  2) 

6.0 

43 

54 

64 

tPLH. 

Maximum  Propagation  Delay,  START  to  OUT  or  OUT 

2.0 

250 

315 

375 

ns 

tPHL 

(One  Shot  Mode) 

4.5 

50 

63 

75 

{Figures  3  and  2) 

6.0 

43 

54 

64 

tTLH. 

Maximum  Output  Transition  Time,  Any  Output 

2.0 

75 

95 

110 

ns 

tTHL 

(Figures  1  and  2) 

4.5 

15 

19 

22 

6.0 

13 

16 

19 

Maximum  Input  Capacitance 

10 

10 

10 

pF 

NOTES: 

1 .  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


CPD 

Power  Dissipation  Capacitance  (Per  Package) 

Typical  <j 

i  2S"C.  Vcc  =  6.0  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 
PD  =  CPD  Vcc2f+lcc  VCC 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

TBD 

pF 

TIMING  REQUIREMENTS  (Input  tr  =  tf  =  6  ns) 

VCC 
V 

Projected  Limit 

Symbol 

Parameter 

2S'C  to 
-55°C 

<85°C 

<125°C 

Unit 

tsu 

Minimum  Setup  Time,  S0-S4  or  M0-M2  to  START 
(Figure  3) 

2.0 
4.5 
6.0 

100 
20 
17 

125 
25 
21 

150 
30 
26 

ns 

'd 

Minimum  Delay  Time,  START  to  OUT  or  OUT 
(Figure  3) 

2.0 
4.5 
6.0 

500 
100 
85 

625 
125 
106 

750 
150 
128 

ns 

tb 

Minimum  Burst  Time,  Count  Control 
(Figure  3) 

2.0 
4.5 
6.0 

500 
100 
85 

625 
125 
106 

750 
150 
128 

ns 

<w 

Minimum  Pulse  Width,  START 
(Figure  3) 

2.0 
4.5 
6.0 

80 
16 
14 

100 
20 
17 

120 
24 
20 

ns 

<w 

Minimum  Pulse  Width,  OSC  IN 
(Figure  1) 

2.0 
4.5 
6.0 

80 
16 
14 

100 
20 
17 

120 
24 
20 

ns 

tw 

Minimum  Pulse  Width,  OUT  or  OUT  (One-Shot  Mode) 
(Figure  3) 

2.0 
4.5 
6.0 

500 
100 
85 

625 
125 
106 

750 
150 
128 

ns 

<w 

Minimum  Pulse  Width,  OUT  or  OUT  (Delayed  Multiple  Pulse  Mode) 
(Figure  3) 

2.0 
4.5 
6.0 

125 
25 
21 

155 
31 
26 

190 
38 
32 

ns 

'r.  tf 

Maximum  Input  Rise  and  Fall  Times,  Except  OSC  IN  or  START 

2.0 
4.5 
6.0 

1000 
500 
400 

1000 
500 
400 

1000 
500 
400 

ns 

tr.  tf 

Maximum  Input  Rise  and  Fall  Times,  OSC  IN  or  START 
(Figure  1) 

No  Limit 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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OSC  IN,  OSC  OUT  1.  OSC  OUT  2  (Pins  1,  2,  3) 

These  pins,  used  in  conjunction  with  external  components, 
form  an  on-chip  reference  oscillator.  The  frequency  of  this 
oscillator  and  the  number  of  counters  selected  determines  the 
amount  of  time-out  desired  (see  Figures  7  and  8).  An  external 
generator  may  be  used  instead  of  the  internal  oscillator.  In  this 
case,  the  signal  should  swing  from  ground  to  Vcc  and  should 
be  fed  into  OSC  IN.  OSC  OUT  1  and  OSC  OUT  2  must  be 
left  floating  (see  Figure  9).  With  the  crystal  oscillator  config- 
uration shown  in  Figure  7,  OSC  OUT  2  must  be  left  open- 
circuited. 

OSC  CONTROL  (Pin  51 

This  pin  is  used  to  enable  or  disable  the  oscillator.  A  low- 
to-high  transition  on  this  pin  resets  all  counters  and  shuts  down 
the  oscillator.  This  puts  the  device  into  a  low-power  standby 
condition. 

COUNT  CONTROL  (Pin  6) 

A  low-to-high  transition  on  this  pin  also  resets  all  counters. 
The  oscillator  continues  to  run,  but  the  counters  do  not  in- 
crement. This  condition  eliminates  oscillator  start-up  delay 
time. 

START  (Pin  7) 

A  low-to-high  transition  on  this  pin  causes  the  oscillator  to 
start  up,  if  previously  disabled,  and  timing  begins.  The  START 


,   i  uomy  uniy  one  or  two  stages  ot  delay,  it  is 

recommended  that  an  external  time  base,  synchronized  with 
the  start  pulse,  be  used.  With  no  synchronization,  a  start  pulse 
occurring  when  the  clock  is  high  produces  a  different  initial 
delay  than  when  the  start  pulse  occurs  when  the  clock  is  low. 
This  effect  causes  less  error  as  more  delay  stages  are  selected. 

MO,  Ml,  M2  (Pins  13,  12.  11) 

Mode  inputs.  These  pins  determine  the  timer's  mode  of 
operation  (see  Table  1). 

SO,  St.  S2,  S3,  S4  (Pins  17,  16,  14,  19.  18) 

Select  inputs.  These  pins  select  the  exact  divide  ratio  desired 
(see  Table  2). 

OUT  (Pin  8) 

This  pin  is  the  output  of  the  timer.  OUT  can  be  fed  back  to 
either  OSC  CONTROL  or  COUNT  CONTROL  to  inhibit 
counting. 

OUT  (Pin  9) 

OUT  is  the  complement  of  OUT.  OUT  can  also  be  fed  back 
to  OSC  CONTROL  or  COUNT  CONTROL  to  inhibit  counting. 


NC  (Pins  4.  15) 

No  connect  pin 


t  connected  internally. 


Table  1.  Output  Mode  Selection  Table 


Mode 

Mode  Inputs 

Output  Pulse  Description 

Figure 

M2 

M1 

MO 

0 

0 

0 

0 

Delayed  Pulse  ltw=1/2f) 

11,  13 

1 

0 

0 

1 

Delayed  Pulse  (tw  =  2/fl 

11,  13 

2 

0 

1 

0 

Delayed  Pulse  (tm  =  8/fl 

11,  13 

3 

0 

1 

1 

Monostable  Multivibrator 

10 

4 

1 

0 

0 

Delayed  Burst  Pulse  (tw=  l/2f}  tdelay  -  tburst 

14 

1 

o 

1 

Delayed  Burst  Pulse  ltw  =  2/f)  t^elay  =  >burst 

14 

Delayed  Burst  Pulse  ltw  =  8/f)  t^elay  =  tburst 

14 

J 

1 

1 

1 



Programmable  Counter  or  Test  Mode  (50%  Output  Duty  Cycle) 
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Table  2.  Select  Divide  Range 


Select  Inputs 

Number  of  Counter 

Stages  Selected,  N 

S4 

S3 

S2 

SI 

so 

i  +  lli) 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

2 

0 

0 

0 

1 

0 

3 

0 

0 

0 

1 

1 

4 

0 

0 

1 

0 

g 

0 

0 

1 

1 

g 

0 

0 

1 

0 

7 

0 

0 

1 

1 

8 

0 

0 

0 

9 

0 

0 

1 

10 

0 

0 

0 

t«—  — w— 

0 

0 

1 

12 

0 

1 

0 

13 

0 

1 

1 

14 

0 

1 

0 

15 

0 

1 

1 

16 

Select  Inputs 

Number  of  Counter 

Stages  Selected,  N 

S4 

S3 

S2 

SI 

so 

l-J-2N) 

1 

0 

0 

0 

0 

17 

1 

0 

0 

0 

i 

18 

1 

0 

0 

1 

0 

19 

1 

0 

0 

1 

1 

20 

1 

0 

1 

0 

21 

0 

1 

1 

22 

0 

1 

0 

23 

0 

1 

1 

24 

0 

0 

1* 

0 

1 

2* 

0 

0 

3* 

0 

1 

4* 

1 

0 

5* 

1 

1 

6* 

1 

0 

7* 

1 

1 

8* 

*  Configured  internally  such  that  the  24  stage  counter  is  parallel  clocked  as  three  8-bit  counters.  This  allows  for  shorter  incoming  inspection 
testing  times. 


TEST  POINT 


-<TLH  <TM- 
Figure  1.  Switching  Waveforms 


'Includes  all  probe  and  jtg  capacitance 


Figure  2.  Test  Circuit 
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so.  S1.S2,  s3-yrr  

S4.  MO,  Ml.  M2  A3"* 

k — is. 


START _ 

COUNT 
CONTROL . 

OUT 

0.  1.2.  4,  5.  61. 

OUT 

(MODE  31- 


50% 


•v— J" 


j  fa** 


'PLH-H 




'PLH- 


/ — — \  r 


50% 


Figure  3.  Functional  Timing  Diagram 
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START 
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— 


MODE  1 


MODE  2 


J 


Jl 


juinnmnjinjinjuwui  


MODE  e 


NOTE:  Five 


of  delay  counter  selected  IS4.  S3,  S2,  81.  SO  =  00100). 

Figure  4.  Timing  Diagram  Using 
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Jl 
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MODE  0 
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MODE  5 
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MODE  6 


(AREA  IN  DASHED  LINE  IS  REPEATEDI 

NOTE:  Five  stages  of  delay  counter  selected  IS4,  S3,  S2.  SI,  SO  =  00100). 
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Figure  5.  Timing  Diagram  Using  No  Feedback 


RANGE 

CONTROL 

OSC  IN  - 
OSC  OUT  1  - 
OSC  OUT  2  - 


OSC 


POWER-UP 
RESET 


CONTROL 


COUNT 
CONTROL" 


START  


SEL 


8  STAGE 
COUNTER 


COUNTER 


3> 


8-STAGE 
COUNTER 


R  S 

Q 

STAGE 
SELECT 


-SO 
-S1 
-S2 


OUTPUT  PULSE 
SELECT 


-MO 

•»1 

-  M2 

-  OUT 
-OUT 


Figure  6.  Block  Diagram 
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OSCILLATOR  DESIGN  INFORMATION 


INTERNAL 
CIRCUITRY 


osc 

IN 

♦  Wv- 


ci 


•a 


SERIES  EQUIVALENT  CRYSTAL  LOAD 


OSC 
OUT  1 


OSC  OUT  2  = 
NO  CONNECTION 


I  J 

Figure  7.  Pierce  Oscillator 


NOTE:  C  =  Ci+Cjn  and  R  =  Ri  +  R0ut  co  is  considered  as  part  of 
the  load.  Caand  Rf  typically  have  minimal  effect  below  2  MHz. 


EQUIVALENT  CIRCUIT  FOR  CRYSTAL  NEAR  RESONANCE 

Rs  i-s  Cs 


o — iQf— o  .  o — i' 


Co 


NOTE:  Values  are  supplied  by  crystal  manufacturer  {parallel  resonant  crystal). 


internal 
circuitry" 


OSC 
IN 


osc 

OUT  1  3 


CIRCUITRY 


OSC 
OUT  2 


10  Rtc>RS>2  Rlc 

400  Hz<f<400  kHz: 


1 


If  in  Hz,  Rtc  in  ohms,  CTC  in  farads) 


23  Rtcctc 

The  formula  may  vary  for  other  frequencies. 
Figure  8.  RC  Oscillator 


INTERNAL_ 
CIRCUITRY 


EXTERNAL 
GENERATOR 


,  OSC 
IN 

I* 


OSC 
OUT  1 


) — < 

i— )t— 

OSC 

3 

OUT  2 

INTERNAL 
CIRCUITRY 


NC 


Figure  9.  External  Generator 


MOTOROLA  HIGH-SPEED  CMOS  LOGIC  DATA 

5-639 


MC54/74HC9000 


DESIGN  PROCEDURE 

The  following  procedure  applies  for  oscillators  operating 
below  2  MHz  where  Z  is  a  resistor  R-| .  Above  2  MHz,  additional 
impedance  elements  may  be  considered:  Cout  and  Ca  of  the 
amp,  feedback  resistor  Rf,  and  amplifier  phase  shift  error  from 
180°. 

Step  1;  Calculate  the  equivalent  series  circuit  of  the  crystal 
at  the  frequency  c 


=  Re  +  iXe 


Reactance  jXe  should  be  positive,  indicating  that  the  crystal 
is  operating  as  an  inductive  reactance  at  the  oscillation 
frequency.  The  maximum  Rs  for  the  crystal  should  be  used 
in  the  equation. 

Step  2:  Determine  0,  the  attenuation,  of  the  feedback 
network.  For  a  closed  loop  gain  of  2,  Ay/3  =  2,  (3  =  2/ Ay  where 
Ay  is  the  gain  of  the  HC9000  amplifier. 

Step  3:  Determine  the  manufacturer's  loading  capacitance. 
For  example:  a  manufacturer  may  specify  an  external  load 
capacitance  of  32  pF  at  the  required  frequency. 


Step  4:  Determine  the  required  Q  of  the  system,  and 
calculate  R|oad-  For  example:  a  manufacturer  specifies  a 
crystal  Q  of  100,000.  The  desired  in-circuit  Q  is  set  at  20% 
below  crystal  Q  or  80,000.  Then  R|oacj  =  (2irf0Ls/Q)  -  Rs 
where  Ls  and  Rs  are  crystal  parameters. 

Step  5:  Simultaneously  solve,  using  a  computer,  equations 
1,  2,  and  3. 


0  = 


R*Re  +  Xc2(Xe-Xc) 


Iwith  feedback  phase  shift  =  180°) 


(11 


(21 


(31 


Xe  =  Xc2  +  xc+  -^E^-=Xc|oad  (where  the  loading  capacitor 
is  an  external  load  not 
including  C0) 

RXcoXc2[(Xc  +  Xc2)(Xc  +  Xcol  -  XC(XC  +  Xco  +  Xc2H 
'°ad  Xc22(Xc  +  Xco)2+r2(Xc  + 

Xco  +  Xc2' 

Here  R  =  Rout  +  Ri.  Rout  is  amp  output  resistance,  Ri  is  Z. 
The  C  corresponding  to  Xc  is  given  by  C  =  Ci  +Cjn. 

Alternately,  pick  a  value  for  Ri  (i.e.  let  R-|  =  RSI.  Solve 
Equations  1  and  2  for  and  C2-  Use  Equation  3  and  the  fact 
Q  =  2i-f0Ls/(Rs  + R|oacj)  to  find  in-circuit  Q.  If  Q  is  not 
satisfactory  pick  another  value  for  Ri  and  repeat  the 
procedure. 


APPLICATIONS  INFORMATION 
APPLICATIONS  WITH  FREE-RUN  OSCILLATOR 
(NO  OSCILLATOR  START-UP  DELAY) 


EXT  COMPONENTS 


v    bsc  asz 

0SC  OUT  1  OUT  ; 
IN 

>  OSC  CONTROL 

>  COUNT  CONTROL 


>  START 
SO 
SI 
S2 
S3 
S4 


OUT 
OUT 

VCC 
GNO 


MO      Ml  M2 


ial  M0N0STABLE  ONE  SHOT! 


lb)  ASTABLE  (50%  DUTY  CYCLE  0UTPUTI 


Figure  10.  Multivibrator  Configurations 
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EXT  COMPONENTS 


V     OSC  DSC 


OSC 


OUT  1  OUT  2 


>  OSC  CONTROL 

>  COUNT  CONTROL 
> START  01 


OUT 

He 

GNO 


MO      Ml  M2 


T 


GNO     GNO  ^3T 
V+  GND 
GNO     V  + 


la!  DELAYED  SINGLE  PULSE 


EXT  COMPONENTS 


>  COUNT  CONTROL 


V  OSC  OSC 
0SC  OUT  1  OUT  2 


>  OSC  CONTROL 


> START 
SO 
SI 
S2 
S3 
S4 
MO  M1 


OUT 
OUT 

vCc 

GND 
M2 


I        I  ± 

GNO  GND  "- 

V+  GND 

GNO  V  + 


h-"H~1  n 


lb]  DELAYED  MULTIPLE  PULSE 


Figure  11.  Delayed  Pulse  Configurations 
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EXT  COMPONENTS 


_TL 


v  osc 

OSC    0yj  | 

IN 

OSC 
OUT  2 

>  OSC  CONTROL 

>  COUNT  CONTROL 

>  START 

OUT 

SO 

OUT 

SI 

«CC 

S2 
S3 

S4 

GND 

MO  M1 

ti 

2 

H — td  — H 

 n_ 

 * 


■  v+ 


12.  Programmable  Timer 


LOW  STANDBY  POWER  APPLICATIONS 
(OSCILLATOR  IS  STOPPED  WHEN  IN  STANDBY) 


EXT  COMPONENTS 


_TL 


JT 


OSC 
IN 

OSC  OSC 
OUT  1  OUT  2 

>  OSC 

CONTROL 

>  COUNT  CONTROL 

> START 

SO 

OUT 

S1 

S2 

OUT 

S3 

VCC 

S4 

GND 

MO 

M1  M2 

I 

GND 
V  + 
GND 

I  1 

GND  — 
GND 

V  + 

MODE 

CONNECT 

FROM 

TO 

0 

OUT 

OSC  CONTROL 

1  OR  2 

our 

OSC  CONTROL 

MODE 
1  OR  2 


MODE 

0 


•  v+ 


Figure  13.  Delayed  Single-Pulse  Configuration 
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MC54/74HC9000 


EXT  COMPONENTS 


_n_f 


v  osc 
osc  auT  , 

IN 

OSC 
OUT  2 

>  OSC  CONTROL 

>  COUNT  CONTROL 

> START 

SO 

OUT 

SI 

S2 

OUT 

S3 

vcc 

S4 

END 

MO  Ml 

M2 

GND  GND 
V+  GNO 
GND    V  + 


(td  =  'buist  I 
 'burst  - 


_r_t 


Figure  14.  Burst  Delayed  Pulse  Configuration 


EXT  COMPONENTS 


_TL  * 


>  OSC  CONTROL 

>  COUNT  CONTROL 


OSC 


OSC  OSC 
OUT  I  OUT  2 


> START 
SO 

51  OUT 

52  OUT 

S3 

S4  GND 
MO      M1  M2 


•fF~L 


v  + 


Figure  15.  Programmable  Timer 
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MC54/74HC9000 


EXT  COMPONENTS 


V 

osc 


>  osc 


>  COUNT  CONTROL 


OSC  OSC 
OUT  1  OUT  2 


I'd* 'burst' 


Figure  16.  Delayed  Multiple  Pulse  Configuration 
(4-Pulse  Configured) 


PROGRAMMABLE 
PULSE 
GENERATOR 


r 


V  T 

r 


osc 

IN 

>0SC  CONTROL 
>C0UNT  CONTROL 


NC  NC 
1-1 


OSC  OSC 
OUT  1  OUT  2 


> START 
SO 
SI 
S2 
S3 
S4 
MO  « 


OUT 
OUT 

vcc 

GND 


NOTE 

TEST  MODE 

Setting  MO,  Ml,  M2  to  a  logic  level  1  selects  the 
programmable  counter  option.  Setting  S3  and  S4  to 
a  logic  level  1  divides  the  2^4  stage  counter  into  three 
8-stage  counters.  These  three  8-stage  counters  are 
clocked  in  parallel.  Setting  SO,  S 1 ,  S2,  to  a  logic  level 
1  sets  the  counters  to  divide  by  2^  (256).  Applying  a 
start  pulse,  and  then  clocking  OSC  IN  255  times  sets 
all  flip  flop  stages  and  OUT  to  a  high  level.  After 
setting  OUT  to  a  high  level,  S3  is  set  to  a  logic  level 
0  and  the  counters  revert  back  to  224  operation. 
Clocking  OSC  IN  one  more  time  causes  a  0  to  ripple 
through  the  counters  and  OUT  goes  from  a  high  to 
a  low  level  (see  Figure  17).  This  method  of  exercising 
the  delay  counter  is  faster  than  clocking  in  224  clock 
pulses. 


Figure  17.  Test  Mode  (28  Divider 
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Product  Preview 

Nine-Wide  Schmitt-Trigger 
Buffers 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC9014  consists  of  nine  inverting  Schmitt-Trigger  Buffers,  and  the 
MC54/74HC9015  consists  of  nine  noninverting  Schmitt-Trigger  Buffers.  Both 
devices  have  inputs  that  are  compatible  with  standard  CMOS  outputs;  with  pullup 
resistors,  they  are  compatible  with  LSTTL  outputs. 

These  devices  have  hysteresis  and  can,  therefore,  be  used  to  enhance  noise 
immunity  or  to  square  up  slowly  changing  waveforms. 

Using  9-Wide  buffers,  instead  of  standard  hex  buffers,  decreases  component 
count  and  increases  system  reliability. 

•  Output  Drive  Capability:  10  LSTTL  Loads 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1  /iA 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  90  FETs  or  22.5  Equivalent  Gates  (HC9014) 

108  FETs  or  27  Equivalent  Gates  (HC9015) 


MC54/74HC9014 
MC54/74HC9015 


LOGIC  DIAGRAMS 


HC9014 


>>^Y4 


•  Y5    Y  =  A 


Y5   Y  =  A 


A6 


r>^-Y6 


A6 


Y6 


■  Y7 


A8 


A9 


AB^>>^ 


■  Y8 


A9 


Y9 


PIN  20  =  Vcc 
PIN  10  =  GND 


J  SUFFIX 
CERAMIC 
CASE  732 


N  SUFFIX 
PLASTIC 
CASE  738 


DW  SUFFIX 

SOIC 
CASE  751D 


ORDERING  INFORMATION 

MC74HCXXXXN  Plastic 
MC54HCXXXXJ  Ceramic 
MC74HCXXXXDW  SOIC 

Ta=  -55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 


PIN  ASSIGNMENT 


All 

1  • 

20 

]vCc 

A2[ 

2 

19 

]¥1 

A3[ 

3 

18 

3  ¥2 

A4[ 

4 

17 

]Y3 

A5[ 

5 

16 

IY4 

AB[ 

6 

15 

In 

A7[ 

7 

14 

]Y6 

A8[ 

8 

13 

IY7 

A9[ 

9 

12 

IY8 

gnd[ 

10 

11 

]Y9 

FUNCTION  TABLE 


A 

Y  Outputs 

Inputs 

HC9014 

HC9015 

L 

H 

L 

H 

L 

H 

This  document  contains  information  on  a  product  under  development.  Motorola  reserves  the  right  to  change  or  discontinue  this  product  without  notice. 
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Symbol 

Parameter 

Value 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GNDI 

-0.5  to  +7.0 

V 

Vin 

DC  Input  Voltage  (Referenced  to  GNDI 

-  1 .5  to  Vqc  +  1  -5 

V 

Vout 

DC  Output  Voltage  (Referenced  to  GNDI 

-0.5  to  Vcc +  0-5 

V 

hh 

DC  Input  Current,  per  Pin 

±20 

mA 

'out 

DC  Output  Current,  per  Pin 

±25 

mA 

ice 

DC  Supply  Current,  Vqq  and  GND  Pins 

±75 

mA 

PD 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

TStfl 

Storage  Temperature 

-65  to  +150 

°C 

tl 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°C 

This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjn  and 
Vout  should  be  constrained  to  the 
range  GND<(Vin  or  Vout)<VCC- 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  Vcc'-  Unused 
outputs  must  be  left  open. 


*Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommen  ded  Operating  Conditions. 
tDerating  -  Plastic  DIP:  -10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -  10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

RECOMMENDED  OPERATING  CONDITIONS 


Symbol 



Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

vcc 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

tr.  tf 

Input  Rise  and  Fall  Time  (Figure  1) 

no 
limit* 

ns 

♦When  Vjn  =  0.5  Vcc,  'CC>  >quiescent  current. 
DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 


Guaranteed  Limit 

Symbol 

rarameter 

Test  Conditions 

vcc 

-40°C 

-55°C 

Unit 

V 

25°C 

to 

to 

+  850C 

+  125°C 

Vj  +  max 

Maximum  Positive-Going 

Vout  =  0.1  Vor  Vcc-0.1  V 

2.0 

1.50 

1.50 

1.50 

V 

Input  Threshold  Voltage 

HoutlsZOf.A 

4.5 

3.15 

3.15 

3.15 

(Figure  3) 

6.0 

4.20 

4.20 

4.20 

Vj  +  min 

Minimum  Positive-Going 

Vout  =  0.1  Vor  VCC -0.1  v 

2.0 

1.00 

0.95 

0.95 

V 

Input  Threshold  Voltage 

|lout|<20MA 

4.5 

2.30 

2.25 

2.25 

(Figure  3) 

6.0 

3.00 

2.95 

2.95 

Vj  _  max 

Maximum  Negative-Going 

Vout  =  VCC  "0.1  Vor  0.1  V 

2.0 

0.90 

0.95 

0.95 

V 

Input  Threshold  Voltage 

|lqut|s2D»A 

4.5 

2.00 

2.05 

2.05 

(Figure  3) 

6.0 

2.60 

2.65 

2.65 

V-r  _  min 

Minimum  Negative-Going 

Vout  =  VCC -0.1  Vor  0.1  V 

2.0 

0.30 

0.30 

0.30 

V 

Input  Threshold  Voltage 

I'outl  ^20 

4.5 

0.90 

0.90 

0.90 

(Figure  3) 

6.0 

1.20 

1.20 

1.20 

V^rnax 

Maximum  Hysteresis  Voltage 

Vout=0.1  V  or  VCC  "0.1  V 

2.0 

1.20 

1.20 

1.20 

V 

Note  2 

(Figure  3) 

|lout|<20^A 

4.5 

2.25 

2.25 

2.25 

6.0 

3.00 

3.00 

3.00 

Vnmin 

Minimum  Hysteresis  Voltage 

Vou,  =  0.1  VorVcc-0.1  V 

2.0 

0.20 

0.20 

0.20 

V 

Note  2 

(Figure  3) 

Houtl^O^A 

4.5 

0.40 

0.40 

0.40 

6.0 

0.50 

0.50 

0.50 

NOTES: 

1 .  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 

2.  VHmin>(VT  +  min)-(VTmax);  VHmax  =  (VT  + max) -(VT_ mini. 
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DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 


vcc 

V 

Guaranteed  Limit 

Symbol 

Parameter 

Test  Conditions 

25°C  to 
-55"C 

<85°C 

<125°C 

Unit 

V0H 

Minimum  High-Level  Output 
Voltage 

Vjn  <  Vj  _  min  or  Vjn  a  Vj  +  max 
Houti^O^ 

2.0 
4.5 
6.0 

1.9 
4.4 

5.9 

1.9 
4.4 
5.9 

1.9 
4.4 
5.9 

V 

Vjn  <  Vj  _  min  or  Vjn  £  Vj  +  max 

ll          <i  f|  mA 

I'outl  s<tu  mA 
llout|<5.2  mA 

4  5 

6.0 

3.98 
5.48 

3.84 
5.34 

3.70 
5.20 

Maximum  Low-Level  Output 
Voltage 

Vjn  -*  V"p    max  or  Vjn  *-  V"["  min 
|lou,|  <20^A 

2.0 
4.5 
6.0 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

v 

V|n>VT+max  or  Vjn<VT_min 

|lout|<4.0  mA 
|lout|s5.2  mA 

4.5 
6.0 

0.26 
0.26 

0.33 
0.33 

0.40 
0.40 

'in 

Maximum  Input  Leakage  Current 

Vin  =  VcCO'  GND 

6.0 

±0.1 

±1.0 

±1.0 

eA 

fee 

Maximum  Quiescent  Supply 
Current  (per  Package) 

Vir,  =  VCcorGND 
W  =  0pA 

6.0 

2 

20 

40 

MA 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 


AC  ELECTRICAL  CHARACTERISTICS  (CL  =  50  pF.  Input  tr  =  tf  =  6  ns) 


vcc 

V 

Projected  Limit 

Symbol 

Parameter 

25°C  to 
-55°C 

£85°C 

S125°C 

Unit 

tPLH. 
'PHL 

Maximum  Propagation  Delay,  Input  A  to  Output  Y 
(Figures  1  and  21 

HC9014 

2.0 
4.5 
6.0 

85 
17 
14 

105 
21 
18 

130 
26 
22 

ns 

HC9015 

2.0 
4.5 
6.0 

95 
19 
16 

120 
24 
20 

145 

29 
25 

'TLH- 
THL 

Maximum  Output  Transition  Time,  Any  Output 
(Figures  1  and  2) 

2.0 
4.5 
6.0 

75 
15 
13 

95 
19 
16 

110 
22 
19 

ns 

Cin 

Maximum  Input  Capacitance 

10 

10 

10 

pF 

NOTES: 

1.  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


CpD 

Power  Dissipation  Capacitance  (Per  Buffer) 

Typical  @  25°C,  VCC  =  5.0V 

Used  to  determine  the  no-load  dynamic  power  consumption: 
PD  =  CpD  Vcc2f+!CC  VCC 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

30 

PF 
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SWITCHING  WAVEFORMS 


<PHl- 


output  y 

«THl- 


r"  -ir 

'50%  \ 

10%  V 

j 


vcc 


"<PLH 


-'UH 


INPUT  A 


OUTPUT  Y 


/Toit  \ 

 *10%  \ 

'plh  — H   »J 


90%  j  e  1  r 

50%,'  !j 

__io%y  \  

<TIH— *l    l«—  — H    U—  'THL 


"tPHl 


Figure  1A.  HC9014 


TEST  POINT 


Figure  IB.  HC9015 


♦Includes  all  probe  and  jig  capacitance. 
Figure  2.  Test  Circuit 


2.0 


3.0  4.0  5.0 

VCC,  POWER  SUPPLY  VOLTAGE  (VOLTS) 
VHtyp  =  IVT  +  typ>-(VT_t»p> 


Figure  3.  Typical  Input  Threshold.  VT  +  .  VT_  Versus  Power  Supply  Voltage 


EXPANDED  LOGIC  DIAGRAMS 


(1/9  of  the  Device! 


HC9015 
11/9  of  the  Device! 


A  JTT 
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Advance  Information 
Nine-Wide  Buffers 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC9034  consists  of  nine  inverting  buffers  and  the  MC54/74HC9035 
consists  of  nine  noninverting  buffers.  Both  devices  have  inputs  that  are  compatible 
with  standard  CMOS  outputs;  with  pullup  resistors,  they  are  compatible  with  LSTTL 
outputs. 

These  devices  find  primary  use  as  interfaces  between  microprocessors  and  periph- 
eral hardware  such  as  keyboards,  memory  arrays,  displays,  etc.  They  are  especially 
useful  when  8  bits  of  data  are  needed  and  an  extra  bit  is  required  for  parity,  control, 
or  handshake. 

Using  9-Wide  buffers,  instead  of  standard  hex  buffers,  decreases  component 
count  and  increases  system  reliability. 

•  Output  Drive  Capability:  10  LSTTL  Loads 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1  jiA 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  54  FETs  or  13.5  Equivalent  Gates  (HC9034) 

72  FETs  or  18  Equivalent  Gates  (HC9035) 


LOGIC  DIAGRAMS 


HC9034 


A1- 


A2- 


A3- 


A4- 


^>C^-y, 

^>C-^Y2 
\*>-^V4 


A2- 


A4- 


V5     V  =  A 


A8  ■ 


A9  ■ 


A6- 


A8 


-Y9 


A9  • 


1 

2 

3 

5 

6 

7 

8 

>^ 

9 

0^ 

-Y3 


-Y4 


-Y5       Y  =  A 


-Y6 


-Y7 


Y8 


MC54/74HC9034 
MC54/74HC9035 


J  SUFFIX 
CERAMIC 
CASE  732 


N  SUFFIX 
PLASTIC 
CASE  738 


DW  SUFFIX 

SOIC 
CASE  751 D 


ORDERING  INFORMATION 

MC74HCXXXXN  Plastic 
MC54HCXXXXJ  Ceramic 
M  C74H  CXXXXDW  SOIC 

T^=  -55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 


PIN  ASSIGNMENT 


A1  [  1  • 

A2[  2 
A3[  3 
A4[  4 
AS[  5 
A6[  6 
A7[  7 
A8(  8 
A9[  9 
GN0[  10 


20  ]  VCC 
19  ]Y1 
18  ]Y2 
17  1Y3 
16  ]Y4 
15  ]Y5 
14  ]Y6 
13pY7 
12 
11 


]  Y8 
]  Y9 


FUNCTION  TABLE 


A 

Y  Outputs 

Input 

HC9034 

HC9035 

L 

H 

L 

H 

L 

H 

PIN  20  =  VCC 
PIN  10  =  GND 


This  document  contains  information  on  a  new  product.  Specifications  and  information  herein  are  subject  to  change  without  notice. 


MOTOROLA  HIGH-SPEED  CMOS  LOGIC  DATA 
5-649 


WFMl 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

-0.5  to  +7.0 

V 

Vin 

DC  Input  Voltage  (Referenced  to  GND) 

-  1.5  to  Vcc  +  1-5 

V 

Vout 

DC  Output  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc +  0.5 

V 

■in 

DC  Input  Current,  per  Pin 

±20 

mA 

'out 

DC  Output  Current,  per  Pin 

±25 

mA 

ice 

DC  Supply  Current,  Vcc  and  GND  Pins 

±  75 

PD 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tstq 

Storage  Temperature 

-65  to  +150 

°C 

TL 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°C 

♦Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
tDerating  -  Plastic  DIP:  -10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -  10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


i  nis  aevice  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  V,n  and 
V0ut  should  be  constrained  to  the 
range  GND<(Vin  or  Vout)<VCC. 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  Vcc).  Unused 
outputs  must  be  left  open. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 



Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

vcc 

V 

TA 

Operating  Temperature,  Ail  Package  Types 

-55 

+  125 

°c 

V.  tf 

Input  Rise  and  Fall  Time                          Vcc  =  2.0  V 
(Figure  11                                          Vcc  =  4.5  V 

VCC  =  6.0  V 

0 
0 
0 

1000 
500 
400 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 


Symbol 

Parameter 

Test  Conditions 

VCC 
V 

Guaranteed  Limit 

Unit 

25°C  to 
-55"C 

ses°c 

<125°C 

VlH 

Minimum  High-Level  Input 
Voltage 

Vout  =  0.1  Vor  Vcc-0.1  V 
HoutNZOfA 

2.0 
4.5 
6.0 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

V 

VlL 

Maximum  Low-Level  Input 
Voltage 

Vout  =  0.1  Vor  Vcc-0.1  V 
|loutl^20^A 

2.0 
4.5 
6.0 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

V 

V0H 

Minimum  High-Level  Output 
Voltage 

Vin  =  V|H  °r  V|L 
|loutl*20^ 

2.0 
4.5 
6.0 

1.9 
4.4 
5.9 

1.9 
4.4 

5.9 

1.9 
4.4 
5.9 

V 

Vin  =  V,HorV|L  |lout|<4.0mA 
|lout|<5.2mA 

4.5 
6.0 

3.98 
5.48 

3.84 
5.34 

3.70 
5.20 

vol 

Maximum  Low-Level  Output 
Voltage 

Vin  =  V,H  or  V|L 
|loutl^20^ 

2.0 
4.5 
6.0 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

V 

Vin  =  V|HorV|L  |lout|<4.0mA 
|lout|<5.2  mA 

4.5 
6.0 

0.26 
0.26 

0.33 
0.33 

0.40 
0.40 

'in 

Maximum  Input  Leakage  Current 

Vin  =  VCC  or  GND 

6.0 

±0.1 

±1.0 

±1.0 

MA 

ice 

Maximum  Quiescent  Supply 
Current  (per  Package) 

Vin  =  VCC  or  GND 
lout  =  0MA 

6.0 

2 

20 

40 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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AC  ELECTRICAL  CHARACTERISTICS  ICL  =  50  PF,  Input  tr  =  tf  =  6  ns) 


Parameter 

vcc 

V 

Guaranteed  Limit 

Symbol 

25°C  to 
-55°C 

<85°C 

5 125° C 

Unit 

tpLH- 
tp(_|L 

Maximum  Propagation  Delay,  Input  A  to  Output  Y 
(Figures  1  and  2) 

HC9034 

2.0 
4.5 
6.0 

80 
16 
14 

100 
20 
17 

120 
24 
20 

ns 

HC9035 

2.0 
4.5 
6.0 

90 
18 
15 

115 
23 
20 

135 
27 
23 

<TLH. 
'THL 

Maximum  Output  Transition  Time,  Any  Output 
(Figures  1  and  21 

2.0 
4.5 
6.0 

75 
15 
13 

95 
19 
16 

110 
22 
19 

ns 

Cin 

Maximum  Input  Capacitance 

10 

10 

10 

PF 

NOTES: 

1 .  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 

Cpo 

Power  Dissipation  Capacitance  (Per  Buffer) 

Typical  <j 

V  25°C,  Vcc  =  5  0  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 

Pd=cpd  vcc^f+icc  VCC 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

30 

pF 

SWITCHING  WAVEFORMS 


INPUT  A 


ram,  \ 

50%  \ 
10%  * 


OUTPUT  Y 


GNO 


ia  Jr~ 

'THL — H    U-  — H    U— 'TLH 
Figure  1A.  HC9034 


INPUT  A 


OUTPUT  Y 


VCC 


Figure  IB.  HC9035 


♦includes  all  probe  and  jig  capacitance. 
Figure  2.  Test  Circuit 


EXPANDED  LOGIC  DIAGRAMS 
(1/9  of  the  Device) 


{>-0^i> 


HC9034 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL  DATA 


Advance  Information 

Nine  Wide  Buffers 

with  LSTTL  Compatible  Inputs 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HCT9034  and  MC54/74HCT9035  may  be  used  as  level  converters  for 
interfacing  TTL  or  NMOS  outputs  to  CMOS  inputs. 

The  HCT9034  consists  of  nine  inverting  buffers,  and  the  HCT9035  consists  of  nine 
noninverting  buffers. 

These  devices  find  primary  use  as  interfaces  between  microprocessors  and  periph- 
eral hardware  such  as  keyboards,  memory  arrays,  displays,  etc.  They  are  especially 
useful  when  8  bits  of  data  is  needed  and  an  extra  bit  is  required  for  parity,  control 
or  handshake. 

Using  Nine  Wide  buffers,  instead  of  standard  hex  buffers,  decreases  component 
count  and  increases  system  reliability. 

•  Output  Drive  Capability:  10  LSTTL  Loads 

•  TTL/NMOS-Compatible  Input  Levels 

•  Outputs  Directly  Interface  to  CMOS,  NMOS,  and  TTL 

•  Operating  Voltage  Range:  4.5  to  5.5  V 

•  Low  Input  Current:  1  /*A 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 
ETs  or  18  Equivalent  Gates  (HCT9034) 
ETs  or  22.5  Equivalent  Gates  (HCT9035) 


MC54/74HCT9034 
MC54/74HCT9035 


A1- 


LOGIC  DIAGRAMS 

HCT9034 


A4- 


A5- 


A9  • 


-Y3 


-T4 


o 

- — V6 

^>>^Y8 


Y  =  A 


J  SUFFIX 
CERAMIC 
CASE  732 


N  SUFFIX 
PLASTIC 
CASE  738 


DW  SUFFIX 

SOIC 
CASE  751 D 


ORDERING  INFORMATION 

MC74HCTXXXXN  Plastic 
MC54HCTXXXXJ  Ceramic 
MC74HCTXXXXDW  SOIC 

Ta=  -55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 


PIN  ASSIGNMENT 


FUNCTION  TABLE 


A 

Y  Outputs 

Input 

HCT9034 

HCT903S 

L 

H 

L 

H 

L 

H 

PIN  20  =  VCC 
PIN  10  =  GND 


This  document  contains  information  on  a  new  product.  Specifications  and  information  herein  are  subject  to  change  without  notice. 
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MC54/74HCT9034-MC54/74HCT9035 


MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

v<x 

DC  Supply  Voltage  {Referenced  to  GND) 

-0.5  to  +7.0 

V 

Vin 

DC  Input  Voltage  (Referenced  to  GND) 

- 1.5  to  Vcc  +  1.5 

V 

vout 

DC  Output  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc +  0.5 

V 

'in 

DC  Input  Current,  per  Pin 

±20 

mA 

'out 

DC  Output  Current,  per  Pin 

±25 

mA 

'cc 

DC  Supply  Current,  Vcc  and  GND  Pins 

±75 

mA 

PD 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packagef 

750 
500 

mW 

Tstg 

Storage  Temperature 

-65  to  +150 

°C 

TL 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
(Ceramic  DIP) 

260 
300 

°c 

*  Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions, 
f  Derating  -  Plastic  DIP:  -  10  mW7°C  from  65°  to  125°C 

Ceramic  DIP:  -  10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7mW/'C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 


This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjn  and 
vout  should  be  constrained  to  the 
range  GND<(Vin  or  Vou,)sVCc. 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  Vccl-  Unused 
outputs  must  be  left  open. 


RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

VCC 

DC  Supply  Voltage  (Referenced  to  GND) 

4.5 

5.5 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

vcc 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

<r.  tf 

Input  Rise  and  Fall  Time  (Figure  1) 

0 

500 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  tc 

GND) 

vCc 

V 

Guaranteed  Limit 

Symbol 

r*arameier 

Test  Conditions 

25°C  to 
-5S°C 

<85°C 

==125°C 

Unit 

V|H 

Minimum  High-Level  Input 
Voltage 

Vout  =  0.1  VorVcc-0.1  V 
|loutl<20^A 

4.5 
5.5 

2.0 
2.0 

2.0 
2.0 

2.0 
2.0 

V 

VlL 

Maximum  Low-Level  Input 
Voltage 

Vout  =  0.1  Vor  VCC -0.1  V 
|lout|  =s20 

4.5 
5.5 

0.8 
0.8 

0.8 
0.8 

0.8 
0.8 

V 

VOH 

Minimum  High-Level  Output 
Voltage 

vin  =  vIH  or  V|L 
|lout|<20^A 

4.5 
5.5 

4.4 
5.4 

4.4 
5.4 

4.4 
5.4 

V 

Vin=V|HorV|L 
|lout|<4.0mA 

4.5 

3.98 

3.84 

3.70 

vol 

Maximum  Low- Level  Output 
Voltage 

Vin  =  V,H  or  V|L 
l'outl^20^A 

4.5 
5.5 

0.1 
0.1 

0.1 
0.1 

0.1 
0.1 

V 

Vin  =  V|H  or  V|L 
|lout|s4.0mA 

4.5 

0.26 

0.33 

0.40 

'in 

Maximum  Input  Leakage  Current 

Vin  =  VCC  or  GND 

5.5 

±0.1 

±1.0 

±1.0 

/•A 

'cc 

Maximum  Quiescent  Supply 
Current  (per  Package) 

Vin  =  VCC  or  GND 
lout=°*A 

5.5 

2 

20 

40 

«A 

Alec 

Additional  Quiescent  Supply 

Vjn  =2.4  V,  Any  One  Input 

>  -55°C 

25°C  to  125°C 

Current 

vin  =  vCC  °r  GND.  0,her  Inputs 

lout^fiA 

5.5 

2.9 

2.4 

mA 

NOTES: 

1.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 

2.  Total  Supply  Current  =  Ice  +  EA'CC- 
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Guaranteed  Limit 

Symbol 

Parameter 

25°C  to 
-55°C 

S85°C 

s125°C 

Unit 

TPLH- 
tpHL 

Maximum  Propagation  Delay,  Input  A  to  Output  Y 
(Figures  1  and  2) 

23 

29 

35 

ns 

lTHL 

Maximum  Output  Transition  Time,  Any  Output 
{Figures  1  and  2} 

15 

19 

22 

ns 

Maximum  Input  Capacitance 

10 

10 

10 

pF 

NOTES: 

1.  For  propagation  delays  with  ioads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 

CpD 

Power  Dissipation  Capacitance  (Per  Buffer) 

Typical  ( 

i  25°C.  VCC=5.0  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 
PD  =  CpD  Vcc^f+lcC  Vcc 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

38 

pF 

SWITCHING  WAVEFORMS 

INPUT  A 


OUTPUT  V 


tTHl— H    r*—  — H    W—  <TLH 
Figure  1A.  HCT9034 


INPUT  A  /UVV  \ 

 f  0  3  V  ^  


tPLH  - 


OUTPUT  V 


3.0  V 
GND 


1.3  V,'  S 

io%y  v  

«TLH— H    U—         — H  U — tJHL 


-'PHI 


Figure  1B.  HCT9035 


*lncludes  all  probe  and  jig  capacitance. 
Figure  2.  Test  Circuit 


A  


HCT9034 


EXPANDED  LOGIC  DIAGRAMS 

(1/9  of  the  Device! 


>H>-{>-<C> 


HCT9035 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL  DATA 


Product  Preview 

Nine-Wide  Schmitt-Trigger 
Buffers  with  Open-Drain  Outputs 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC9114  consists  of  nine  inverting  Schmitt-Trigger  Buffers,  and  the 
MC54/74HC9115  consists  of  nine  noninverting  Schmitt-Trigger  Buffers.  Both 
devices  have  inputs  that  are  compatible  with  standard  CMOS  outputs;  with  pullup 
resistors,  they  are  compatible  with  LSTTL  outputs. 

These  devices  have  hysteresis  and  can,  therefore,  be  used  to  enhance  noise 
immunity  or  to  square  up  slowiy  changing  waveforms. 

Primary  use  for  these  devices  are  as  interfaces  between  microprocessors  and 
peripheral  hardware  such  as  keyboards,  memory  arrays,  displays,  etc.  They  are 
especially  useful  when  8  bits  of  data  are  needed  and  an  extra  bit  is  required  for 
parity,  control,  or  handshake. 

Each  of  the  HC9114  and  HC9115  outputs  are  fabricated  using  a  high-performance 
MOS  N-channel  transistor.  Therefore,  with  a  suitable  output  pullup  resistor,  these 
gates  can  be  used  in  wired-AND  applications.  Using  the  output  characteristic  curves 
given  in  this  data  sheet,  this  device  can  be  used  as  an  LED  driver,  or  in  any  applica- 
tion that  only  requires  a  sinking  current. 

Using  9 -Wide  buffers,  instead  of  standard  hex  buffers,  decreases  component 
count  and  increases  system  reliability. 

•  Output  Drive  Capability:  10  LSTTL  Loads  -  with  Suitable  Pullup  Resistor 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  81  FETs  or  20  Equivalent  Gates  (HC9114) 

99  FETs  or  25  Equivalent  Gates  (HC9115) 


LOGIC  DIAGRAMS 
HC9114 

«cc 

OUTPUT 
PROTECTION  , 
DIODE 


1,2,3,4,5,6,7.8,9 


PUT  T 
HON  A 

|0DE  Tl9,18,17, 16,15,14,13,12, 11y. 


HC91 15 


OUTPUT  . 
PROTECTION  i 

DIODE  Tr3.ia.17.1B,15.14.13.12.11 


PIN  20  =  VCC 
PIN  10  =  GND 

*  Denotes  open-drain  outputs 


MC54/74HC9114 
MC54/74HC9115 


J  SUFFIX 
CERAMIC 
CASE  732 


N  SUFFIX 
PLASTIC 
CASE  738 


DW  SUFFIX 

SOIC 
CASE  751 D 


ORDERING  INFORMATION 

MC74HCXXXXN  Plastic 
MC54HCXXXXJ  Ceramic 
MC74HCXXXXDW  SOIC 

Ta  =  -  55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 


PIN  ASSIGNMENT 


Al[ 

1  • 

20 

A2[ 

2 

19 

A3[ 

3 

18 

A4[ 

4 

17 

Asr, 

5 

16 

A6[ 

6 

15 

A7[ 

7 

14 

A8[ 

8 

13 

A9[ 

9 

12 

GND[ 

10 

11 

in 


FUNCTION  TABLE 


A 

Y  Outputs 

Inputs 

HC9114 

HC9115 

L 

Z 

L 

H 

L 

Z 

Z  =  high  impedance 


This  document  contains  information  on  a  product  under  deveiopment.  Motorola  reserves  the  right  to  change  or  discontinue  this  product  without  notice. 
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MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

-0.5  to  +7.0 

V 

Vin 

DC  Input  Voltage  (Referenced  to  GND) 

-1.5  to  VCc +1-5 

V 

Vout 

DC  Output  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc +  0.5 

V 

kn 

DC  Input  Current,  per  Pin 

±20 

mA 

'out 

DC  Output  Current,  per  Pin 

+  25 

mA 

ice 

DC  Supply  Current,  Vcc  and  GND  Pins 

+  75 

mA 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tstq 

Storage  Temperature 

-65  to  +150 

°C 

TL 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Package) 
1  Ceramic  DIP) 

260 
300 

°c 

^Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
tDerating  -  Plastic  DIP:  -  10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -  10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 

,  see  Chapter  4  subject  listing  on  page  4-2. 


For  high  frequency  or  heavy  load 
RECOMMENDED  OPERATING  CONDITIONS 


*When  Vin  =  0.5  VCC,  lCC>> 


DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

VCC 

V 

TA 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°c 

«r.  'f 

Input  Rise  and  Fall  Time  (Figure  1) 

no 
limit* 

ns 

This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjn  and 
Vout  snould  be  constrained  to  the 
range  GND<{Vjn  or  Vout)<VCC- 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  Vcc).  Unused 
outputs  must  be  left  open. 


Guaranteed  Limit 

Symbol 

Parameter 

Test  Conditions 

vCc 

-40°C 

-56'C 

Unit 

V 

25' C 

to 

to 

+  85°C 

+  126°C 

Vj  +  max 

Maximum  Positive-Going 

Vout  =  0.1  Vor  Vcc-0.1  V 

2.0 

1.50 

1.50 

1.50 

V 

Input  Threshold  Voltage 

|lout|<20  „A 

4.5 

3.15 

3.15 

3.15 

(Figure  3) 

(Figure  2  for  VOU,  =  VCC-0.1  V) 

6.0 

4.20 

4.20 

4.20 

Vj  +  min 

Minimum  Positive-Going 

Vout  =  0.1  VorVcC-0.1  V 

2.0 

1.00 

0.95 

0.95 

V 

Input  Threshold  Voltage 

|lom|<20^A 

4.5 

2.30 

2.25 

2.25 

(Figure  3) 

(Figure  2  for  Vout  =  Vcc -01  V) 

6.0 

3.00 

2.95 

2.95 

Vj  _  max 

Maximum  Negative-Going 

Vout  =  VCc -0.1  Vor  0.1  V 

2.0 

0.90 

0.95 

0.95 

V 

Input  Threshold  Voltage 

|lout|<20  /iA 

4.5 

2.00 

2.05 

2.05 

(Figure  3) 

(Figure  2  for  Vout=VCc-0.1  V) 

6.0 

2.60 

2.65 

2.65 

Vf  min 

Minimum  Negative-Going 

Vout  =  VCC-0.1  VorO.1  V 

2.0 

0.30 

0.30 

0.30 

V 

Input  Threshold  Voltage 

Houtlsax* 

4.5 

0.90 

0.90 

0.90 

(Figure  31 

(Figure  2  for  Vout  =  Vcc  -0. 1  V) 

6.0 

1.20 

1.20 

1.20 

V^max 

Maximum  Hysteresis  Voltage 

Vout  =  0.1  Vor  Vcc-0.1  V 

2.0 

1.20 

1.20 

1.20 

V 

Note  2 

(Figure  3) 

|lout|  <20eA 

4.5 

2.26 

2.25 

2.25 

6.0 

3.00 

3.00 

3.00 

VHmin 

Minimum  Hysteresis  Voltage 

Vout  =  0.1  Vor  Vcc-0.1  V 

2.0 

0.20 

0.20 

0.20 

V 

Note  2 

(Figure  3) 

|loutls20MA 

4.5 

0.40 

0.40 

0.40 

6.0 

0.50 

0.50 

0.50 

NOTES: 

1 .  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 

2.  VHmin>(VT  +  min)-(VT-max);  VHmax  =  (VT+max)-(VT_min). 
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MC54/74HC9114-MC54/74HC9115 


DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 


Symbol 

Parameter 

Test  Conditions 

vcc 

V 

Guaranteed  Limit 

Unit 

2S°Cto 
-56°C 

<85°C 

<125°C 

vol 

Maximum  Low-Level  Output 
Voltage 

Vjn  >  Vj  +  max  or  Vjn  <  Vj  _  min 
|lout|<20^ 

2.0 
4.5 
6  0 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

0.1 
0.1 
0.1 

V 

Vin>Vi-+max  or  Vjn<V-]-_min 

|lout|<4.0mA 
|lout|<5.2  mA 

4.5 
6.0 

0.26 
0.26 

0.33 
0.33 

0.40 
0.40 

'in 

Maximum  Input  Leakage  Current 

Vin  =  VCC  or  GNO 

6.0 

±0.1 

±1.0 

±1.0 

«A 

ice 

Maximum  Quiescent  Supply 
Current  (per  Package) 

Vin  =  VcC  or  GND 
lout  =  0^ 

6.0 

2 

20 

40 

ioz 

Maximum  Output  Leakage 
Current 

A  =  Vj  +  min  or  Vj  -  max 
Vout  =  VCC  or  GND 

6.0 

±0.5 

±5.0 

±10.0 

MA 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
AC  ELECTRICAL  CHARACTERISTICS  (CL  =  50  pF,  Input  tr  =  tf  =  6  nsl 

Symbol 

Parameter 

VCC 
V 

Projected  Limit 

Unit 

25°C  to 
-55°C 

s85°C 

s125°C 

<PLZ. 
IPZL 

Maximum  Propagation  Delay,  Input  A  to  Output  Y 
(Figures  1  and  2) 

HC9114 

2.0 
4.5 
6.0 

115 
23 
20 

145 
29 
25 

175 
35 
30 

ns 

HC9115 

2.0 
4.5 
6.0 

125 
25 
21 

155 
31 
26 

190 
38 
32 

'THL 

Maximum  Output  Transition  Time,  Any  Output 
(Figures  1  and  2) 

2.0 
4.5 
6.0 

75 
15 
13 

95 
19 
16 

110 
22 
19 

ns 

Cin 

Maximum  Input  Capacitance 

10 

10 

10 

pF 

cout 

Maximum  Three-State  Output  Capacitance  (Output  in  High-Impedance 
Statel 

10 

10 

10 

PF 

NOTES: 


1.  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


CPD 

Power  Dissipation  Capacitance  (Per  Buffer) 

Typical  @  25"C.  VCC  =  5  0  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 

PD  =  CPD  Vcc^+ICC  VCC 

15 

pF 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 
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/  50%  i 

 f  10%  \  


vcc 

GNO 


OUTPUT  V 


Figure  1A.  HC9114 


DEVICE 
UNDER 
TEST 


TEST  POINT 
o 


DINT  f 

1  kfi 
AAA/ — ' 


VCC 


♦includes  all  probe  and  jig  capacitance. 
Figure  2.  Test  Circuit 


"  'THL 

Figure  1B.  HC9115 


Vtfyp 


3.0  4.0  5.0 

VCC-  POWER  SUPPLY  VOLTAGE  IVOLTSI 

VHtYp  =  (VT  +  typl-(VT_typl 

Figure  3.  Typical  Input  Threshold,  Vy+.  Vj- 
Versus  Power  Supply  Voltage 


25 


'         T  = 

CAL 

5°C 

H 

C  =  5V 

T 

=  25°C 

I 

T  =  85°C 

T=125°C 

EXPEC1 

ED  MINIMUM 

# 

)  1  2  3  4 

V0.  OUTPUT  VOLTAGE,  (VOLTS) 

*The  expected  minimum  curves  are  not  guarantees, 
but  are  design  aids. 

Figure  4.  Open-Drain  Output  Characteristics 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL  DATA 


Product  Preview 

Nine-Wide  Buffers  with  Open- 
Drain  Outputs 

High-Performance  Silicon-Gate  CMOS 

The  MC54/74HC9134  consists  of  nine  inverting  buffers  and  the  MC54/74HC9135 
consists  of  nine  noninverting  buffers.  Both  devices  have  inputs  that  are  compatible 
with  standard  CMOS  outputs;  with  pullup  resistors,  they  are  compatible  with  LSTTL 
outputs. 

These  devices  find  primary  use  as  interfaces  between  microprocessors  and  periph- 
eral hardware  such  as  keyboards,  memory  arrays,  displays,  etc.  They  are  especially 
useful  when  8'  bits  of  data  are  needed  and  an  extra  bit  is  required  for  parity,  control, 
or  handshake. 

Each  of  the  HC9134  and  HC9135  outputs  are  fabricated  using  a  high-performance 
MOS  N-channel  transistor.  Therefore,  with  a  suitable  pullup  resistor,  these  gates 
can  be  used  in  wired-AND  applications.  Using  the  output  characteristic  curves  given 
in  this  data  sheet,  this  device  can  be  used  as  an  LED  driver,  or  in  any  application 
that  only  requires  a  sinking  current. 

Using  9-Wide  buffers,  instead  of  standard  hex  buffers,  decreases  component 
count  and  increases  system  reliability. 

•  Output  Drive  Capability:  10  LSTTL  Loads  -  with  Suitable  Pullup  Resistor 

•  Operating  Voltage  Range:  2  to  6  V 

•  Low  Input  Current:  1  /»A 

•  High  Noise  Immunity  Characteristic  of  CMOS  Devices 

•  In  Compliance  with  the  Requirements  Defined  by  JEDEC  Standard  No.  7A 

•  Chip  Complexity:  45  FETs  or  11.25  Equivalent  Gates  (HC9134) 

63  FETs  or  15.75  Equivalent  Gates  (HC9135) 

LOGIC  DIAGRAMS 
HC9134 


OUTPUT 
PROTECTION 
0I0DE 


tvcc 

■UT  I 
ON  A" 

,oeJ_ 


19.18.17.16,15,14,13,12,11  , 


1,2,3,4,5,6.7,8,9 


HC9135 


OUTPUT 
PROTECTION  — 

DIODE    I  15,14,13,12,11 


1.2,3.4.5.6.7,8,9    ^  ^  


PIN  20  =  V[X 
PIN  10  =  GN0 

*  Denotes  open-drain  outputs. 


MC54/74HC9134 
MC54/74HC9135 


J  SUFFIX 
CERAMIC 
CASE  732 


N  SUFFIX 
PLASTIC 
CASE  738 


DW  SUFFIX 

SOIC 
CASE  751 D 


ORDERING  INFORMATION 

MC74HCXXXXN  Plastic 
MC54HCXXXXJ  Ceramic 
MC74HCXXXXDW  SOIC 

TA=  -55°  to  125°C  for  all  packages. 
Dimensions  in  Chapter  7. 


PIN  ASSIGNMENT 


FUNCTION  TABLE 


A 

Y  Outputs 

Input 

HC9134 

HC913S 

L 

Z 

L 

H 

L 

Z 

Z=high  impedance 


This  document  contains  information  on  a  product  under  development.  Motorola  reserves  the  right  to  change  or  c 


3  this  product  without  notice. 
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MAXIMUM  RATINGS* 


Symbol 

Parameter 

Value 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

-0.5  to  +7.0 

V 

Vin 

DC  Input  Voltage  (Referenced  to  GND) 

-  1.5  to  Vcc +  1-6 

V 

Vout 

DC  Output  Voltage  (Referenced  to  GND) 

-0.5  to  Vcc +  0.5 

V 

ffo 

DC  Input  Current,  per  Pin 

±20 

mA 

'out 

DC  Output  Current,  per  Pin 

±25 

mA 

!CC 

DC  Supply  Current,  Vcc  and  GND  pins 

±75 

mA 

pd 

Power  Dissipation  in  Still  Air,  Plastic  or  Ceramic  DIPt 
SOIC  Packaget 

750 
500 

mW 

Tstg 

Storage  Temperature 

-65  to  +150 

°C 

TL 

Lead  Temperature,  1  mm  from  Case  for  10  Seconds 
(Plastic  DIP  or  SOIC  Packagel 
(Ceramic  DIPI 

260 
300 

°C 

This  device  contains  protection 
circuitry  to  guard  against  damage 
due  to  high  static  voltages  or  electric 
fields.  However,  precautions  must 
be  taken  to  avoid  applications  of  any 
voltage  higher  than  maximum  rated 
voltages  to  this  high-impedance 
circuit.  For  proper  operation,  Vjn  and 
Vout  should  be  constrained  to  the 
range  GND<(Vin  or  Vout)<VCC. 

Unused  inputs  must  always  be  tied 
to  an  appropriate  logic  voltage  level 
(e.g.,  either  GND  or  Vcc).  Unused 
outputs  must  be  left  open. 


*Maximum  Ratings  are  those  values  beyond  which  damage  to  the  device  may  occur. 
Functional  operation  should  be  restricted  to  the  Recommended  Operating  Conditions. 
tDerating  -  Plastic  DIP:  -  10  mW/°C  from  65°  to  125°C 

Ceramic  DIP:  -10  mW/°C  from  100°  to  125°C 
SOIC  Package:  -7  mW/°C  from  65°  to  125°C 
For  high  frequency  or  heavy  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

RECOMMENDED  OPERATING  CONDITIONS 


Symbol 

Parameter 

Min 

Max 

Unit 

vcc 

DC  Supply  Voltage  (Referenced  to  GND) 

2.0 

6.0 

V 

Vin.Vout 

DC  Input  Voltage,  Output  Voltage  (Referenced  to  GND) 

0 

VCC 

V 

Operating  Temperature,  All  Package  Types 

-55 

+  125 

°C 

tr.  tf 

Input  Rise  and  Fall  Time                          Vcc  =  2.0  V 
(Figure  11                                              Vcc  =  4.5  V 

VCC  =  6.0  V 

0 
0 
0 

1000 
500 
400 

ns 

DC  ELECTRICAL  CHARACTERISTICS  (Voltages  Referenced  to  GND) 

Symbol 

Parameter 

Test  Conditions 

vCc 

V 

Guaranteed  Limit 

Unit 

25'C  to 
-55°C 

<85"C 

<125»C 

V|H 

Minimum  High-Level  Input 
Voltage 

Vou,  =  0.1  Vor  VCc -0.1  V 
|IOU,|<20^A 
( Figure  2  for  Vout  =  VCC  -0.1V) 

2.0 
4.5 
6.0 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

1.5 
3.15 
4.2 

V 

VlL 

Maximum  Low-Level  Input 
Voltage 

Vout  =  0.1  Vor  VCc -0.1  V 
|!out|s20#A 
(Figure  2  for  Vout  =  Vcc-0.1  VI 

2.0 
4.5 
6.0 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

V 

Vol 

Maximum  Low-Level  Output 
Voltage 

Vin  =  VIHorV|L 
|loutls20<^ 

2.0 
4.5 
6.0 

pop 

o  o  o 

pop 

V 

Vin=V,HorV|L  |lout]<4.0mA 
I'outl  SS.2  mA 

4.5 
6.0 

0.26 
0.26 

0.33 
0.33 

0.40 
0.40 

■in 

Maximum  Input  Leakage  Current 

Vin  =  VCC  or  GND 

6.0 

±0.1 

±1.0 

±1.0 

ice 

Maximum  Quiescent  Supply 
Current  (per  Package) 

Vin  =  VCC  or  GND 
lout-Oj* 

6.0 

2 

20 

40 

ioz 

Maximum  Output  Leakage 
Current 

A  =  V|Hor  V|L 
Vout  =  VCC  or  GND 

6.0 

±0.5 

±5.0 

±10.0 

NOTE:  Information  on  typical  parametric  values  can  be  found  in  Chapter  4  subject  listing  on  page  4-2. 
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MC54/74HC9134«MC54/74HC9135 


AC  ELECTRICAL  CHARACTERISTICS  ICL  =  50  pF,  Input  tr  =  t(  =  6  ns) 


Vrr 
V 

Projected  Limit 

Symbol 

Parameter 

25"C  to 
-SS'C 

<85°C 

<125°C 

Unit 

'PLZ. 

Maximum  Propagation  Delay,  Input  A  to  Output  Y 

HC9134 

2.0 

115 

145 

175 

ns 

<PZL 

(Figures  1  and  21 

4.5 

23 

29 

35 

6.0 

20 

25 

30 

HC9135 

2.0 

120 

150 

180 

45 

24 

30 

36 

6.0 

20 

26 

31 

'THL 

Maximum  Output  Transition  Time,  Any  Output 

2.0 

75 

95 

110 

ns 

(Figures  1  and  2) 

4.5 

15 

19 

22 

6.0 

13 

16 

19 

Cin 

Maximum  Input  Capacitance 

10 

10 

10 

pF 

cout 

Maximum  Three-State  Output  Capacitance  (Output  in  High-Impedance 

10 

10 

10 

pF 

State) 

NOTES: 

1 .  For  propagation  delays  with  loads  other  than  50  pF,  see  Chapter  4  subject  listing  on  page  4-2. 

2.  Information  on  typical  parametric  values  can  be  found  in  Chapter  4. 


CPD 

Power  Dissipation  Capacitance  (Per  Buffer) 

Typical  @  25"C.  Vcc  =  5.0  V 

Used  to  determine  the  no-load  dynamic  power  consumption: 

PD  =  CPD  VCC2'  +  'CC  VCC 

15 

pF 

For  load  considerations,  see  Chapter  4  subject  listing  on  page  4-2. 

SWITCHING  WAVEFORMS 


Figure  1A.  HC9134  Figure  1B.  HC913S 


0  1  2  3  4  5 

Vn.  OUTPUT  VOLTAGE,  (VOLTS) 

*The  expected  minimum  curves  are  not  guarantees, 

but  are  design  aids. 
Figure  3.  Open-Drain  Output  Characteristics 
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RELIABILITY 


INTRODUCTION 

The  Motorola  High-Speed  CMOS  Reliability  monitor  pro- 
gram is  designed  to  generate  an  ongoing  data  base  of  reliability 
performance  for  High-Speed  CMOS  Logic  devices.  The  pri- 
mary purpose  of  the  program  is  to  identify  negative  trends  in 
the  data  so  that  immediate  corrective  action  can  be  taken.  The 
program  also  allows  Motorola  to  develop  a  large  data  base  of 
reliability  information.  This  information  is  made  available  to 
customers  on  a  quarterly  and  yearly  basis.  The  1985  High- 
Speed  CMOS  data  base  consists  of  results  obtained  from  over 
9500  devices  from  144  lots. 


ACCELERATED  LIFE  TEST 

Accelerated  life  testing  is  used  to  simulate  long-term  device 
operation  and  to  gather  data  for  failure  rate  predictions.  The 
test  is  conducted  at  an  ambient  temperature  of  125°C  with 
devices  biased  at  5  volts.  A  complete  functional  and  dc  para- 
metric test  to  data  sheet  specifications  is  performed  after 
48,168,  and  1008  cumulative  hours.  A  device  is  considered  to 
have  failed  if  parametric  limits  are  exceeded  or  if  functionality 
cannot  be  demonstrated  under  nominal  and  worst-case  con- 
ditions specified  in  the  data  sheet.  Forms  of  mechanical  dam- 
age, such  as  cracking  of  the  package,  are  also  considered 
failures. 

A  complete  summary  of  accelerated  life  test  data  is  pre- 
sented in  Tables  1  and  2,  and  Figure  1 . 

Accelerated  life  testing  is  also  referred  to  as  high  temperature 
operating  life  testing  or  high  temperature  reverse  bias  testing. 


Table  1.  1986  Life  Test  Data 
12S»C      5  V 


74HCXXX 

f  of 
Lots 

48            168  1008 
Hours      Hours  Hours 

Total 
%  Failure* 

Plastic 

38 

2/3763      0/37S8  2/3751 

0.10 

Table  2.  Summary  of  1986  Life  Test  Data 


74HCXXX 

Total 
Failures 

12S«C  86"C 

Device  Hours  „Eq,ll'W^!,,n, 
Device  Hours 

8B«C* 
Predicted 
Failure  Rate 
FITs 

Plastic 

4 

3.80x106  3.70x107 

219** 
141*** 

100  FITs  =  0.01%/1000  hours 

•See  Figure  1  which  depicts  failure  rate  versus  temperature. 
**0.7  eV;  90%  Confidence  Limit 
***0.7  eV;  60%  Confidence  Limit 
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RELIABILITY 


TEMPERATURE  HUMIDITY  BIAS 

Temperature  Humidity  Bias  (THB)  is  an  environmental  test 
designed  to  evaluate  the  moisture-related  performance  of  the 
package-die  combination.  THB  is  a  destructive  test  performed 
under  a  5  volt  bias  at  85°C  and  85%  relative  humidity.  Electrical 
performance  is  measured  at  504  and  1008  hours  to  full  data 
sheet  specifications.  A  device  is  considered  to  have  failed  the 
temperature  humidity  bias  test  if  parametric  limits  are  exceeded 
or  if  functionality  cannot  be  demonstrated  under  the  conditions 
specified  in  the  data  sheet.  Results  of  the  1985  temperature 
humidity  bias  testing  are  shown  in  Table  3. 


Table  3.  Temperature  Humidity  Bias 
85°C       85%  R.H.       5  Volts 


74HCXXX 

1  of 

Lots 

504  Hours     1006  Hours 

%  Failures 

Plastic 

33 

0/2231  1/2086 

0.05 

TEMPERATURE  CYCLE 

The  compatibility  of  materials  used  in  the  fabrication  of  any 
device  is  essential  to  its  reliability.  Any  appreciable  mismatch 
in  physical  properties,  such  as  thermal  expansion  coefficients, 
can  cause  long-term  device  failures.  Those  concerns  are  in- 
vestigated by  performing  temperature  cycling. 

During  temperature  cycle  testing,  devices  are  loaded  into  a 
cycling  system  and  held  at  -65°C  for  at  least  ten  minutes, 
then  brought  to  +  150°C  for  at  least  ten  minutes.  The  system 
employs  a  circulating  air  environment  to  assure  rapid  stabili- 
zation at  the  specified  temperatures.  The  dwell  at  each  ex- 
treme, plus  two  transition  periods  of  five  minutes,  constitute 
one  cycle. 

Devices  are  electrically  tested  after  500  and  1000  cumulative 
cycles.  A  device  is  defined  as  a  failure  if  parametric  limits  are 
exceeded,  or  if  functionality  cannot  be  demonstrated  per  data 
sheet  specifications.  Mechanical  damage,  such  as  cracking, 
chipping,  or  breaking  of  the  package,  are  also  considered  as 
failure  criteria,  provided  such  damage  was  not  induced  by 
fixturing  or  handling.  Results  of  temperature  cycle  tests  are 
found  in  Table  5. 


AUTOCLAVE 

Autoclave,  like  THB,  is  an  environmental  test  which  mea- 
sures device  resistance  to  moisture  penetration  along  the  lead- 
frame-plastic  interface.  Conditions  employed  during  the  test 
include  121°C,  100%  relative  humidity,  and  15  psig;  no  bias 
voltage  is  applied.  Corrosion  of  the  die  is  the  expected  failure 
mechanism.  As  with  THB  testing,  both  package  integrity  and 
actual  die  construction  play  a  major  role  in  the  results.  Au- 
toclave is  a  highly  accelerated,  destructive  test. 

Failure  criteria  for  autoclave  testing  are  the  same  as  those 
used  for  THB  testing.  Cosmetic  package  defects  and  degra- 
dation of  lead  finish  and  solderability  are  not  considered  as 
reject  criteria. 

Autoclave  results  for  1985  are  found  in  Table  4.  The  single 
failure,  detected  at  the  144  hour  test  point,  failed  for  input 
leakage;  no  corrosion  was  found. 


Table  4.  Autoclave 
121  °C       100%  R.H.       IS  psig 


74HCXXX 

/of 
Lots 

144  Hours      240  Hours 

%  Failures 

Plastic 

41 

1/1995  0/2084 

0.06 

Table  5.  Temperature  Cycle 
-6S»Cto  +  150°C 


74HCXXX 

/of 
Lots 

500  Cycles      1000  Cycles 

Cumulative 
%  Failures 

Plastic 

32 

1/1803  0/1800 

0.05 

CONCLUSIONS 

Thorough  reliability  testing  has  been  performed  on  an  ex- 
tensive cross  section  of  the  High-Speed  CMOS  Logic  family. 
The  evaluations  included  accelerated  life  tests  and  a  series  of 
environmental  stresses  designed  to  assess  package  integrity, 
moisture  resistance,  and  thermal  compatibility.  Through  these 
tests.  Motorola's  High-Speed  CMOS  has  proven  to  be  an 
exceptionally  reliable  family  of  devices.  Reliability  testing  is 
performed  on  a  continuous  basis,  and  comprehensive  reports 
are  issued  annually.  Reports  are  available  upon  customer 
request. 

For  additional  information,  contact  CMOS  Logic  Reliability 
Engineering  at: 

CMOS  Logic  Reliability  Engineering 
Motorola  Inc. 

3501  Ed  Bluestein  Boulevard 
Austin,  Texas  78721 
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PACKAGE  DIMENSIONS 


The  packaging  availability  for  each  device  is  indicated  on  the  individual  data  sheets.  Dimensions  for  the  packages  are  given  in 
this  section. 


•  14-PIN  PACKAGES 

J  SUFFIX 
CERAMIC 
CASE  632-07 


wvww 


V 


 -\  H  U  J    G   I—  I —  SEATING 

PLANE 

NOTES: 

1.  ALL  RULES  AND  NOTES  ASSOCIATED  WITH 
MO-001  AA  OUTLINE  SHALL  APPLY. 

2.  DIMENSION  "L"  TO  CENTER  OF  LEADS  WHEN 
FORMED  PARALLEL.  - 


3.  DIMENSION  "A"  AND  "B"  (632-07!  DO  NOT 
INCLUDE  GLASS  RUN-OUT. 

LEADS  WITHIN  0.25  mm  (0.0101  DIA  OF  TRUE 

4.  POSITION  AT  SEATING  PLANE  AND  MAXIMUM 
MATERIAL  CONDITION. 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

19.05 

19.94 

0.750 

0.785 

B 

6.10 

7.49 

0.240 

0.295 

C 

5.08 

0.200 

D 

0.38 

0.58 

0.015 

0.023 

F 

1.40 

1.77 

0.055 

0.070 

G 

2.54  BSC 

0.100  BSC 

H 

1.91 

2.29 

0.075 

0.090 

J 

0.20 

0.38 

0  008 

0.015 

K 

3.18 

4.32 

0.125 

0.170 

L 

7.62  BSC 

0.300  BSC 

M 

15° 

15° 

N 

0.51 

1.02 

0.020 

0.040 

AAAAAAA 


YWWW 

A 


N  SUFFIX 
PLASTIC 
CASE  646-06 


-  SEATING 
D  PLANE 


NOTES: 

1.  LEADS  WITHIN  0.13  mm  (0.005)  RADIUS  OF  TRUE  3.  DIMENSION  "B"  DOES  NOT  INCLUDE  MOLD 
POSITION  AT  SEATING  PLANE  AT  MAXIMUM  FLASH. 

MATERIAL  CONDITION.  4.  ROUNDED  CORNERS  OPTIONAL:  AS  SHOWN  IN 

2.  DIMENSION  "L"  TO  CENTER  OF  LEADS  WHEN  PREVIOUS  ISSUE. 
FORMED  PARALLEL. 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

18.16 

19.56 

0.715 

0.770 

B 

6.10 

6.60 

0.240 

0.260 

C 

3.69 

4.69 

0.145 

0.185 

D 

0.38 

0.53 

0.015 

0.021 

F 

1.02 

1.78 

0.040 

0.070 

G 

2.54  BSC 

0.100  BSC 

H 

1.32 

2.41 

0.052 

0.095 

J 

0.20 

0.38 

0.008 

0.015 

K 

2.92 

3.43 

0.115 

0.135 

L 

7.62  BSC 

0.300  BSC 

M 

0° 

10° 

0° 

10° 

N 

0.39 

1.01 

0  015 

0.039 

MOTOROLA  HIGH  SPEED  CMOS  LOGIC  DATA 


PACKAGE  DIMENSIONS 


14-PIN  PACKAGES 


D  SUFFIX 
SOIC 
CASE751A-02 


14 

1 

l-s 

© 

7 

J  — j|—  * 


NOTES: 

1.  DIMENSIONS  A  AND  8  ARE  DATUMS  AND  T  IS  A 
DATUM  SURFACE. 

2.  POSITIONAL  TOLERANCE  FOR  D  DIMENSION 
114  PLACES): 

I  +1  o.;sio.oioi®  It  I  b  ©U  ©I 

3.  POSITIONAL  TOLERANCE  FOR  P  DIMENSION 
17  FtACESI: 

I  41  0.25  10.0101®  18  ®l 


F-J/J^ 


4.  DIMENSIONING  AND  TOLERANCING  PER  ANSI 
Y14.5M.  1982. 

5.  CONTROLLING  DIMENSION:  MILLIMETER. 

6.  DIMENSION  A  AND  B  DO  NOT  INCLUDE  MOLD 
PROTRUSION. 

7  MAXIMUM  MOLD  PROTRUSION  0.15  10.0061 
PER  SIOE 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

8.55 

8.75 

0  337 

0.344 

B 

3.80 

4.00 

0.150 

0.157 

C 

1.35 

1.75 

0.054 

0.068 

D 

0.35 

0.49 

0014 

0019 

F 

0.40 

1.25 

0016 

0  049 

G 

1.27  BSC 

o.o5o  esc 

J 

O.lfc 

025 

0.008 

0.009 

K 

0.10 

0.25 

0.004 

0.0O9 

M 

0' 

7* 

0' 

7° 

P 

5.80 

6.20 

0.229 

0.244 

R 

025 

050 

0.010 

0.019 

CASE  75IA  02 


MOTOROLA  HIGH-SPEED  CMOS  LOGIC  DATA 

7-3 


J  SUFFIX 
CERAMIC 


1 1 1 1 1  IMA 


SEATING 
PLANE 


NOTES:  3.  DIM  "L"  TO  CENTER  OF  LEADS  WHEN  FORMED 

1.  LEADS  WITHIN  0.13  mm  (0.005)  RADIUS  OF  TRUE  PARALLEL. 

POSITION  AT  SEATING  PLANE  AT  MAXIMUM  4.  DIM  "A"  AND  "R"  DO  NOT  INCLUDE 
MATERIAL  CONDITION.  GLASS  RUN-OUT. 

2.  PACKAGE  INDEX:  NOTCH  IN  LEAD  NOTCH  IN  5.  DIM  "F"  MAY  NARROW  TO  0.76  mm  10.030) 
CERAMIC  OR  INK  DOT.  WHERE  THE  LEAD  ENTERS  THE  CERAMIC  BODY. 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

19.05 

19.94 

0.750 

0.785 

B 

6.10 

7.49 

0.240 

0.295 

C 

6.08 

0.200 

D 

0.38 

0  5; 

0.015 

0.021 

F 

1.40 

1.78 

0.055 

0.070 

G 

2.54  BSC 

0.100  BSC 

H 

0.51 

1.14 

0.020 

0.045 

J 

0.20 

0.30 

0.008 

0.012 

K 

3.18 

4.32 

0.125 

0.170 

L 

7.62  BSC 

0.300  BSC 

M 

15° 

15° 

N 

0.51 

1.02 

0.020 

G04j 

o  a  q  a  g  u  u  H 


PRRRRR. 

I    U   ^   iii    U    J    .1  Vl  ML  X 


3 


N  SUFFIX 
PLASTIC 
CASE  648-06 


a 


SEATING 
PLANE 


NOTES: 

1.  LEADS  WITHIN  0.13  mm  (0.005)  RADIUS  OF  TRUE  3.  DIMENSION  "B"  DOES  NOT  INCLUDE  MOLD 
POSITION  AT  SEATING  PLANE  AT  MAXIMUM  FLASH. 

MATERIAL  CONDITION.  4.  "F"  DIMENSION  IS  FOR  FULL  LEADS. 

2.  DIMENSION  "L"  TO  CENTER  OF  LEADS  WHEN  5.  ROUNDED  CORNERS  OPTIONAL. 
FORMED  PARALLEL. 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

18.80 

21.34 

0.740 

0.840 

B 

6.10 

6.60 

0.240 

0.260 

C 

3.69 

4.69 

0.145 

0.185 

D 

0.38 

0.53 

0.015 

0.021 

F    |  1,02 

1.78  i  0.040 

0.070 

G 

2.54  BSC 

0.10C 

BSC 

H 

0.38 

2.41 

0.015 

0.095 

J 

0.20 

0.38 

0.008 

0.015 

K 

2.92 

3.43 

0.115 

0.135 

L 

7.62  BSC 

0.30C 

BSC 

M 

0° 

10° 

0° 

10° 

N 

0  39 

1.01 

0.015 

0.040 

MOTOROLA  HIGH-SPEED  CMOS  LOGIC  DATA 

7-4 


PACKAGE  DIMENSIONS 


16-PIN  PACKAGES  ' 


D  SUFFIX 
SOIC 
CASE  751 B-03 


nrrrrnr 


© 


UJJJJLO. 


T-1  PSPL 


D-»-  U-16PL 


-»j  j*-RX45° 

SEATING  T 
*      PLANE  ^-M 


Li 


NOTES: 

1.  DIMENSIONS  A  AND  B  ARE  DATUMS  AND  T  IS  A    4.  DIMENSIONING  AND  TOLERANCING  PER  ANSI 
DATUM  SURFACE. 

2.  POSITIONAL  TOLERANCE  FOR  D  DIMENSION 
(16  PLACES): 

|4|  0.25  (OTOIO)  <g)  1  T  |  B  ©[A  ©| 

3.  POSITIONAL  TOLERANCE  FOR  P  DIMENSION 

(8  PLACES):  

|4|  0.25(0.010)  ®  |  B  ®1 


Y14.5M,  1982. 

5.  CONTROLLING  DIMENSION:  MILLIMETER. 

6.  DIMENSION  A  AND  B  DO  NOT  INCLUDE  MOLD 
PROTRUSION. 

7.  MAXIMUM  MOLD  PROTRUSION  0.15  (0.006) 
PER  SIDE. 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

9.80 

10.00 

0.386 

0.393 

B 

3.80 

4.00 

0.150 

0.157 

C 

1.35 

1.75 

0.054 

0.068 

D 

0  35 

0.49 

0.014 

0.019 

F 

1.25  I  0.016 

0.049 

G          1 .27  BSC 

0.050  BSC 

J 

0.19 

0.25 

0.008 

0.009 

K 

0.10 

0.25 

0.004 

0.009 

M 

0° 

7° 

0° 

7° 

P 

5.80 

6.20 

0.229 

0.244 

R 

0.25 

0.50 

0  010 

0.019 

CASE  751B-03 


DW  SUFFIX 

SOIC 
CASE  751B-02 


-  LAJ  

R-R-fl-fl-R-R-R-n 

16  9 

©  8 

V 

I 


R  X  45° 


t     t    PLANE  T-^ 

LK 


-D  16  PL 


-45 


NOTES: 

1.  DIMENSIONS  A  AND  B  ARE  DATUMS  AND  T  IS  A     4.  DIMENSIONING  AND  TOLERANCING  PER  ANSI 
DATUM  SURFACE.  Y14.5M,  1982. 

2.  POSITIONAL  TOLERANCE  FOR  D  DIMENSION         5.  CONTROLLING  DIMENSION:  MILLIMETER. 
(16PLACES):   6.  DIMENSION  A  AND  B  DO  NOT  INCLUDE  MOLD 

PROTRUSION. 
7.  MAXIMUM  MOLD  PROTRUSION  0.15  (0.006) 
PER  SIDE. 


I  4 1  0.25(0.010)  ®  I  Tl  B  ©I  A  ©I 
3.  POSITIONAL  TOLERANCE  FOR  P  DIMENSION 
(8  PLACES): 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

10.15 

10.45 

0.400 

0.411 

B 

7.40 

7.60 

0.292 

0.299 

C 

2.35 

2.65 

0.093 

0.104 

D 

0.35 

0.49 

0.014 

0.019 

F 

0.50 

0.90 

0.020 

0.035 

G 

1.27  BSC 

0.050  BSC 

J 

0.25 

0.32 

0.010 

0.012 

K 

0.10 

0  25 

0.004 

0.009 

M 

0° 

7 

0° 

7° 

P 

10.05 

10.55 

0.395 

0.415 

0.25 

0.75 

0.010 

0.029 

I  4 1  0.25(0.010)  ®  I  B   ®  | 


CASE  751G-01 


MOTOROLA  HIGH-SPEED  CMOS  LOGIC  DATA 


20-PIN  PACKAGES  — 


NOTES: 

1.  LEADS  WITHIN  0.25  mm  (0.0101  DIA..  TRUE  2.  DIM  L  TO  CENTER  OF  LEADS  WHEN  FORMED 

POSITION  AT  SEATING  PLANE.  AT  MAXIMUM  PARALLEL. 

MATERIAL  CONDITION.  3.  DIM  A  AND  B  INCLUDES  MENISCUS. 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

23.88 

25.15 

0.940 

0.990 

B 

6.60 

7.49 

0  260 

0.295 

C 

3.81 

5.08 

0.150 

0.200 

D 

0.38 

0.56 

0015 

0.022 

F 

1.40 

1.65 

0.055 

0.065 

G 

2.54  BSC 

0.100  BSC 

H 

0.51 

1.27 

0.020 

0.050 

J 

0.20 

0.30 

0.008 

0.012 

K 

3  18 

4.06 

0.125 

0.160 

L 

7.62  BSC 

0.300  BSC 

M 

0 

15 

0 

15 

N 

^  0.25 

102 

0.010 

0.040 

N  SUFFIX 
PLASTIC 
CASE  738-02 


NOTES:  —  4  0|M  "y  D0ES  not  INCLUDE  MOLD  FLASH. 

1.  DIM  \±J  IS  DATUM.  5  D,M  Qg  TQ  CENTER  OF  LEADS  WHEN  FORMED 

2.  POSITIONAL  TOL  FOR  LEADS:  PARALLEL. 

1»|4  0.25(0.010)©|t|  A®]  6.  DIMENSIONING  AND  TOLERANCING  PER  ANSI 

3.  Q3  IS  SEATING  PLANE.  Y14.5, 1973. 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

25.65 

27.18 

1.010 

1.070 

B 

6.10 

6.60 

0.240 

0.260 

C 

3.94 

4.57 

0.155 

0.180 

D 

0.38 

0.56 

0.015 

0.022 

F 

1.27 

1.78 

0.050 

0.070 

G 

2.54  BSC 

0.100  BSC 

H 

1.65  NOM 

0.065  NOM 

J 

0.20 

0.38 

0.008 

0.015 

K 

2.79 

3.56 

0.110 

0.140 

L 

7.62  BSC 

0.300  BSC 

M 

0° 

15° 

0° 

15° 

N 

0.51 

1.02 

0.020 

0.040 

MOTOROLA  HIGH-SPEED  CMOS  LOGIC  DATA 

7-6 


PACKAGE  DIMENSIONS 


DW  SUFFIX 

SOIC 
CASE  761D-02 


© 


yjjjjjjjjj 


D-»-|[»-20l>L  K-f 


NOTES: 

1.  DIMENSIONS  A  AND  B  ARE  DATUMS  AND  T  IS  A 
DATUM  SURFACE. 

2.  POSITIONAL  TOLERANCE  FOR  D  DIMENSION 
120  PLACES): 

l-f  I  0.25  10.010)  ®  I  T  |  8  ©l  A  ©I 

3.  POSITIONAL  TOLERANCE  FOR  P  DIMENSION 
110  PLACES):   


B-    P  10  PL 


t  SEATING 

I    ^- 


X45" 


4.  DIMENSIONING  AND  TOLERANCING  PER  ANSI 
Y14.5M,  1982. 

5.  CONTROLLING  DIMENSION:  MILLIMETER. 

6.  DIMENSION  A  AND  8  DO  NOT  INCLUDE  MOLD 
PROTRUSION. 

7.  MAXIMUM  MOLD  PROTRUSION  0.15  10.006) 
PER  SIDE. 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

12.65 

12.95 

0499 

0.509 

B 

7.40 

7.60 

0.292 

0.299 

C 

2.35 

2.65 

0.093 

0.104 

D 

0.35 

0.49 

0.014 

0.019 

F 

0.50 

0.90 

0.020 

0.035 

G 

1.27  BSC 

0.050  BSC 

J 

0.25 

0.32 

0.010 

0.012 

K 

0.10 

0.25 

0.004 

0.009 

M 

0° 

T 

0° 

7° 

P 

10.05 

10.55 

0.395 

0.415 

R 

0.25 

0.75 

0.010 

0.029 

CASE  751D-02 


I  4 1  0.26  (0.I 


I 


MOTOROLA  HIGH-SPEED  CMOS  LOGIC  DATA 
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J  ourriA 
CERAMIC 
CASE  758-01 


NOTES: 

1.  DIMENSION  A  IS  DATUM. 

2.  POSITIONAL  TOLERANCE 
FOR  LEADS:  24  PLACES 

I  »|0.25  (0.010)  (m)1T|A(5)1 


INSIDE  OF  LEADS 

3.  EE  IS  SEATING  PLANE. 

4.  DIMENSION  L  TO  CENTER  OF 
LEADS  WHEN  FORMED  PARALLEL 

5.  DIMENSIONING  AND  TOLERANCING 
PER  ANSI  Y14.5.  1973. 


DIM 

MILLIMETERS  INCHES 

MIN 

MAX 

MIN 

MAX 

A 

31.50 

32.64 

1.240 

1.285 

B 

7.24 

7.75 

0.285 

0.305 

C 

3.68 

4.44 

0.145 

0.175 

D 

0.38 

0.53 

0.015 

0.021 

F 

1.14 

1.57 

0.045 

0.062 

G 

2.54  BSC 

0.100  BSC 

J 

0.20 

0.33 

0.008 

0.013 

K 

2.54 

4.19 

0.100 

0.165 

L 

7.62 

7.87 

0.300 

0.310 

N 

0.51 

1.27 

0.020 

0.050 

P 

9.14 

10.16 

0.360 

0.400 

N  SUFFIX 
PLASTIC 
CASE  724-02 


24 


y y yy yy vy yyyy 


mwmw 


NOTES: 

1.  LEADS.  TRUE  POSITIONED  WITHIN  0.25  mm  10.0.101 
DIA  AT  SEATING  PLANE  AT  MAXIMUM  MATERIAL 
CONDITION  (DIM  D). 

2.  CHAMFERRED  CONTOUR  OPTIONAL. 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

31.24 

32.13 

1.230 

1.265 

B 

6.35 

6.86 

0.250 

0.270 

C 

4.06 

4.67 

0.160 

0.180 

D 

0.38 

0.51 

0.015 

0.020 

F 

1.02 

1.52 

0.040 

0.060 

G 

2.54  BSC 

0.100  BSC 

H 

1.60 

2.11 

0.063 

0.083 

J 

0.18 

0.30 

0.007 

0.012 

K 

2.92 

3.43 

0.115 

0.135 

L 

7.37 

7.87 

0.290 

0.310 

M 

10° 

10° 

N 

0.51 

1.02 

0.020 

0.040 

MOTOROLA  HIGH-SPEED  CMOS  LOGIC  DATA 


PACKAGE  DIMENSIONS 


24-PIN  PACKAGES 


DW  SUFFIX 

SOIC 
CASE  751E-01 


24 


© 


owiexra 


|-B- 1  P12 


i 


tlMfclMMfclMfel£ltdJ^^-i-  c  JZE]  (  Jf 

L\     SEATING  X 
I  PLANE 


-RX45" 


-D  24  PL 


NOTES: 

1.  DIMENSIONS  A  AND  B  ARE  DATUMS  AND  T  IS  A 
DATUM  SURFACE. 

2.  POSITIONAL  TOLERANCE  FOR  D  DIMENSION 
124  PLACES): 

141  0.25(0.0101  ®  |  T |  B  ©|  A  @~| 

3.  POSITIONAL  TOLERANCE  FOR  P  DIMENSION 


(12  PLACES): 

I  4 1  0.25  (0.010)  ®  I  B  ®1 


4.  DIMENSIONING  AND  TOLERANCING  PER  ANSI 
Y14.5M,  1982. 

5.  CONTROLLING  DIMENSION:  MILLIMETER. 

6.  DIMENSION  A  AND  B  DO  NOT  INCLUDE  MOLD 
PROTRUSION. 

7.  MAXIMUM  MOLD  PROTRUSION  0.15  (0.006) 
PER  SIDE. 


DIM 

MILLIMETERS 

INCHES 

MIN 

MAX 

MIN 

MAX 

A 

15.25 

15.50 

0.601 

0.610 

B 

7.40 

7.60 

0.292 

0.299 

C 

2.35 

2.65 

0.093 

0.104 

D 

0.36 

0.49 

0.014 

0.019 

F 

0.50 

0.90 

0.020 

0.035 

G 

1.27  BSC 

0.050  BSC 

J 

0.25 

0.32 

0.010 

0.012 

K 

0.10 

0.25 

0.004 

0.009 

M 

0° 

r 

0° 

7° 

P 

10.05 

10.55 

0.395 

0.415 

R 

0.25 

0.75 

0.010 

0.029 

CASE  751E-01 


MOTOROLA  HIGH-SPEED  CMOS  LOGIC  DATA 


NOTES 


MOTOROLA  HIGH-SPEED  CMOS  LOGIC  DATA 


